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0-(CH2)n' 



.-W R* 



II 



wherein 

X IS -O, -S-, or -NR5-, 

Y IS -0-, -S-, -CH^-, -CH,CHr. ■CH=CH.. or -NR5-, 

Bis -CH2-or -CO-; u oh ^(C -C. alkvl) -OCOCfiHs, -OCO(Ci-C6 alkyi). -OSOzlCvCe 

R1.R2 and b3 are each independently -H. -OH, -0(C,-C4aiKyi,. ^ g 5 

alkyi), -OSO2CF3. CI. or F. 

w!s CH2 or C=0; ovfrol.d»ivl methyl-1-pyrrolidinyl, d.methyM-pyrrolid.nyl, 2-oxo-l-pyrro. 

or -S02CF3-. 

or a pharmaceutical^^ acceptable salt thereof compounds; processes lor the preparation of cor^ipourids 
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Description 
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IS 



20 



25 



30 



,he nel toss of bone mass per unit volume The '^^^'^Z^ZlTX b^y of the most common types of 

,he failure ol the skeleton to provide ^^^^f ,^/^"2t ^renC f^^^^^^ to about 60% of the bone mass 

osteoporosis .s that assoc«ted wrth '^^'^^^\''°'['^^ZTx^^^^^ ol menses. This rapid loss e generally 
.n the trabecular compartment ol me bone w.th,n 3 t<^6i^^^^^^ 

associated wiih an .ncreaseol bone resorption and lorr^uon ^^^^^^^^^^^l post-menopausal women, 
result .s a net loss ol bone mass Osteoporosis rs ^ ~J"^/slrsTn^^^^^^^ af^icled w..h this disease The 
There are an estimated 25 million women .n the ^n'^d ^^^^^^^ ^ ^ ,,s chron^ity and the 

morality rate can be directly associated with P^^»7"°PJ"!f '.^^'^^^^^^^^ is the trabecular bone This 

The most vulnerable tissue in the bone to me e«ects^^^^^^^^^ 

„ssue ,s often referred to as spongy or ' by small osteoid stmclures 

(near the ,o,n,s) and in the vertebrae of •►'^^^^'"^J^^Jf;;,^^^^^^^^ Ussue l^h makes up the outer 

whK:h inter-connect with each other, as well ^^^^J^^^'^J^^^Z trabeculae gives lateral support to the outer 
surface and central shaft ot the bone ^^'^ ''''^'^°^ZltcU^^lM^^^ ,n post^nenopausal osteoporosis, 
cortical structure and is critical to t-^^ S^^s o Ihe failure and Iracture o. bone. In light ol 

it IS. primarily, the net resorption and loss of the trabeculae ^n«" ^ ^^^^^^^^ are those 

,he loss of the trabeculae ,n P°-'r,7*«t' ^^^^^^ e g me vertebrae, the neck of me weight 

. re:r=::.rei^::r,rr^^^^ 

are hall-marks of post-rnenopausal os^eoporos^^^^ post.Tienopausal osteoporosis is estrogen re- 

p,ac:::^raprr^npS^^^^^^^^ 

cause estrogen treatment '-''"-"^^^"^^^^^ o. cardiovascular disease than age^atched 

Throughout premenopausal time "'^ '^^^^^l^^^, ^^^^^ .n women slowly increases to match the rate 
men Following menopause, however, the '^^^"^^^^"^^ and. in particular, to Ihe loss of estrogen's 

other beneficial effects on cardiovascular healtir v,omen having estrogen replacement merapy have a 

„ has been reponed in the l^erature tha P^^^^;^^^^^^^^ would appear to 

relum of serum lipid levels to ooncentra t ons '° '^^^^ ° '^^ P;;Xc,s o^ estrogen replacement merapy are not ac- 
be a reasonable treatment for this '^'^''^^°^;;^\^;^'^^^^^ mis condition would be an agent 

rr^s—mS^^^^^^^^ 

^%=S%o.ogyassociatedw.mpos„^^^ 
toalesserextent. estrogen-dependent cancers of other^^^^^^^^ 

— ^^^^^^^ 
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tissue on ihe wall of the uterus ^ , ^guse of this condition is poorly 

Th.s cond.l.on .s a cause of dysmenorrhea ^^^^^^ ^'^^^^ „bro,d tissue to estrogen. Such a condition 
understood but evidence suggests that .t is ^ror JS^^ 9"'"«« P^'- 

has been produced in rabbits by daily f ° estrogen causes similar hypertrophy, 

produced by daily administration of estrogen lor lour '"'^^'l^,^"""^^ ^oth costly and sometimes a source 

' The most common treatment o. uterine fibrosis «^^^^^^^,ZS^^l'Ze patLts, initial surgery is only 
Of complications such as the formation of ^•^7'"^' ^f/^^^^^^^ ,s performed which effectively ends the 

a temporary treatment and the fibroids regrow "^^^^/^^^^^^^^^^^^^ hormone antagonists may be admin- 

...roids but also .he reproductive ^'-^ 33drX^^^ Thus, there exists a need lor new methods 

appear to be ectopic endometrial growths which '^^P^^j^^SX endometrial growth, the tissue seems to initiate 
.nonappropriate tissues Because of the ^^^;^l^^J,Zn^T^Lel events leading to initiation o, the 
toca, .nflamma.ory-l.Ke -^P^^^J^'^^J^^^^^^^^ and its treatment by hormonal therapy .s 

painful response The exact etiology of the 'l'^*^^^ ^ dangerous side effects 

endometriosis are desirable. .^.^rtani role in diseases such as atherosclerosis and restenosis. 

smooth aortal muscle cell proliferation plays an '^^''^'^^^'^^^^p^^^^ ^as been shown to be a tissue re- 
Vasoular restenosis after percutaneous transluminal co^^^^^^^^^^^ 

sponse Characterized by an early and tete phase. ''''^'^'^^^^'l^ZTby excessL proliferatKX, and m.gratK)n 

.5 bosis with some vasospasms while the late P^^^^^^^^.'^^Z^ Ma^^^ by such muscle cells and 

of aortal smooth muscle cells. In this '"J^'f "Jj^^^^^^^^ excessive proliferation and migration of 

macrophages contribute slgnrficant^ to the Pf ^^f '^^^^^^^^^ S coronary arteries following 

vascular aortal smooth muscle cells ^^^^.^ ^irjrsumery See "Intimal ProWeration of Smooth l^uscle 

PTCA, atherectomy, laser angioplasty and arterial bypw^^ 

CellsasanExplanatonforRecurrentCoronaryWSter^seafte^^^^^ 

■ Austin et a/, lourn.l of th. American ^-"^ne Qt^^^^ ^^^ intLent.on of blocked arteries by 

vascular restenosis remains a ma,or long term compl^^^^^^^^ 

percutaneoustranslum.alcoronaj,ang.pl^^^^^^^^^^ 

gery.ln aboutmol the patients whoundergoPTCA,rec«c>^^^^^^ inten/enton by devices such as stents or 

?he current strategies for trea.ng vascular "^^^^^r it^^^^^^^^ aspinn, fish oil, calcium antago- 

pharmacologic therapies including •^^P^""' "^^^^^'^^^^ reocclusion rate and have been ineffective for 

nist, steroids, and prostacyclin These f ^^'^n^^rsS^^^^^ of Restenosis after Pe«:utaneous Transluminal 
the treatment and prevention of vascular restenosis See Kreveniion 
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,.,era.-on ,nh,b,tors '"J'iL^^^^^^ growth factor which refers to a generic family o. peptides, often 

Transforming growth fa tor^^^^^^^^^^ 
called isoforms meaning that members of the 'a'^'V ^ particularly associated with processes 

actions The TGF-p-s. particularly those '^^'^^'^'^''^^^J.^^^^^^^^^^ spomandBdberX.lt^eVaus. 
mvdved.n..ssuerepairandd«easesassoc.atedwnhab^^^^^^ ^^^^^ 

.ormingGrowth FaCor-P's'. ^^ ^^^^^ ^^^^J'^^^^ ,n prorSoting tissue repairand 

Agents Which induce ihe production of TGF-ps and, npart.cu^ ^^^^ wound-healing. 

treating diseases which involve abnom^l tissue 1"^^^^^^^^ and Isoforms". Abst NIH TGF- 
.e..ct,c.o. scarring (^^^^^^ 

p Symposium. Bethesda MD. 3 ^l^'- ^^^^ ^ ulceratwe Mucositis by Transforming Growth Factor-pa". Abst. 

Sonis and Haley, -Prevention Of Chen^hera^^^^ 33 

NIH TGF-15 Symposium, Bethesda MD. 3 May i"e /^h«r.rmai ti«iRiiP reoair 

Jm^s^^ Issle repair processes and as Uealmenls for diseases involving abnormal l.ssue repair 
The present invention relates to compounds of formula I 
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30 
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40 




0-(CH2)n-Vy 



wherein 

45 Xis-O, -S-.or-NR5- 



50 



SB 



alkyi), -OSO2CF3. CI, or F; 
or -SO2CF3. 



or a pharmaceuticalV acceptable salt thereof. 

Also provided by the present invention are compounds of formula li 
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0-(CH2)n-W 



II 



20 



2S 



30 



wherein 



35 



40 



Bis -CHg- or-CO- 



Y,Ri R3 n and ware as defined above, or a pharmaceut-callyaccept^^^^ 
)aring the pharmaceutically active compounds of the present invenuon. a 



preparing 




III 



45 



SO 



wherein 



Ria R23 and R3a are each independently -H. -0(C,-C, alKyl). .C. -F. or a suitably protected hydroxy.; 
Z IS -oh! OCfiHs, -0(01-04 alkyl), or 4-hydroxyphenyl, 
X and Y are as defined above , 
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Wherein 

pia^ R2a^ R3a and Y are as defined above. 

II. optionally conlainrig estrogen or progestin, and the use of ^'^1^^°^^^' osteoporosis, card«vascutar 
or progestin. lor allevating the symptoms o. post-menopausal f "f/^^^^ Pf ''^^^^^^^^^ 

'^"^he'X'olsof the present .vention also are use.ultorinnib.ng uterine f^^ 
women and aortal smooth muscle cell proliferation, particularly restenosis, in humans 

Also JLided by the present Invention is a process for preparing a compound of fomrtula la 



40 



45 



SO 




la 



55 



wherein 



Ria. R2a and are each independent^ -H. -0(C,-C4 alkyi). -CI. -F. or a suitably protected hydroxyl; 



7 



BNSDOCID <EP ^076ie69A2J_> 



EP 0 761 669 A2 

X and Y are as defined above, 
G is -OH or -0(CH2)„WR4 

m are as defined above; or a pharmaceufcaily acceptable salt thereof. wh.ch compnses 
a) reacting a compound of formula Ilia 



to 



IS 



20 




Ilia 



25 



wherein 

pia R2a R3a x. and Y are as defined above, 

Za .s^H, -OCgHs. -0(C,.C, a.kyi). w.th a Gr,gnard reagent of formula IVa 



30 



BrMg 




40 



AS 



IVa 



Snsi(CH3), a su>tab^ protected hydroxy, whch can be selectively dep.tec,ed .n the presence ot R-- R^. 

and R3a, or -0(CH2)„WR* 

wherein 

n W and are as defined above, 

and thereafter reacting the resulting -OH wrth Q-(CH2)„ w ri wnei 
c) optionally salitying the reaction product from step a) or b) 



One 



aspect 01 the present invention includes compounds of formula I 



so 



ss 
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0-(CH2)n-W 



20 



wherein 



2$ 
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35 



40 



45 



X IS -0-, -S-. or -NR5.; 
alkyO. -OSO2CF3, Cl.orF; 

Hfi-S; ^=»..-pip-n,.. v«.-o.^*™^^ 

or -SO2CF3, 

or a pharmaceutically acceptable salt thereof 
below. 



50 . 
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wherein 
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.R -CI. or a suitably protected hydroxyl. 
one embodiment ot th.s start.ng mater.l. compounds ot tormula Vb 



Ria R2a. and R^^ are each independently -H. -0(0,-04 alkyi). 
X and Y are as defined above. 



10 



IS 



20 




wherein 



25 



30 



Ria R2a, and are as detined above. 

X' IS -0-. -S-. or -NH-. r^rn ^mn Chemistry , 

are made essentially as described in -l^'^?!': u andX'is-O 
methoxy or a suitably protected hydroxyl. ts -H. and 

general, a readily available thioindoxyl o1 the tom^ula 



. 40.3169 (1975). Preferably. R^- and R^a are 



In 



3S 



40 




Wherein P?^ ts as defined above, is 



reacted with a benzaldehyde of the formula 



45 



SO 




SS 



or below The product o1 this condonsation is then oenyr 9 compound 0I tormula V. 

„ so desired, a compound ot an alternat^/e phenol protect^g group at this stage 
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AUernaLN/e starting malenals of lormula Vc 



10 



IS 




vc 



meslrol. Protecting groups which are remova 
Stanir^g materials ot formula Vd 



20 wherein 



25 



30 



35 




40 



45 



wherein 

Ria R2a and are as defined above; 
7:1 (1953) 

'„ genera., a read., avai.b. leUa>one or .dance ot «,e .or.u^ 



described inOrganicReactions. 



so 



ss 
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C02Me 




10 



wherein IS as denned above 
or ihiophenal* 



andy<*is-CH2-or-CH2-CH2- 



,iscondensedw.hanappropnate^substauted phenol 



1$ 



20 




25 



30 



wherein 

u o,r C alkvD-F. -CI. or a suitably protected hydro)cyI. 
Ria',s.0H,-H,-0(Ci-C4alkyi). •-. K„,ufi oxvchloride, phosphorus pcn- 

R3a ,s as def,ned above, f<^^^ ^ ^ ^dens,ng agent such P^'^J'^^J, ^ qH. Y- is CH^CHa and 

R2a ,s tnethoxy and the reactionis cameo o 

as the condensing agent alternatively rf R^" is 



4a 



45 



so 




wherein 



55 



United States patent number 5.073.bt)d 
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(1989) 

Other starting materials, ol the tormula 



JO 



IS 




20 



25 



30 



wherein 

Qia R2a and are as defined above. • . i ar 

,s -NH- or -NR5-, and ^^,3,, 33 described in iM.lim 1^^^^^^ 

J. I .OH,- -CH,-CH,. or .CH=CH, are p^pa es « ^ 7,^. „ double bond (Y- -CH-CH ) 

pound to a compound o( formula nib 



35 



40 




45 



SO 



Illb 



«^Ta B- X. and vara as de,,ned above, by ^eac.onwi.^.^^^^^^^^ 



55 
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IIIc 



wherein 

20 R6 is -Ci -C4 alkyl or -CeHg or 



Ria R2a R3a X and V are as defined above. comoound or dehydrating agent such as 

I .acuc^ an a.coho. or pheno. RBOH ^^^^^^^^^^^ T.e^^^^^. -n C^C^ or ch.orobenzene. 
Ignes,um sulfate .. -s preferable '° -"j;^^^;^? ^^^^^^^^ J suitably protected hydroxyls, R- « H X .s 
between ambient temperature and reflux Preieraoiy. 
25 -O- Y IS -O- or -S-. and is -CeHg 



35 BtMg-'' " ®' 




\ J 



IVa 



40 



wherein 



rein . . 

4S R2«, or -(CH2)„WR<. 

iTw.^a'JKJR* are as defined above, or a mixture thereof and al ambient temperature or below. 

so tetrachloride, titanium tetrachloride or the like 

. ,u mCH \ WR^ this Gngnard reaction provides a compound of formula lb 
When G« of formula IVa is -0(CH2)nVVH" » 



55 
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IS 




0-(CH2)n-W 



lb 



20 



2S 



30 



wherein 

' ^ .. u n/r r alkvh -CI -R or a suitably protected hydroxyl; 
Ri a R2a, and R^^ are each indeper^dently -H. -OiOyO^ alkyl), ui, t-. o jr r 

X Y n W and are as defined above, 



35 



40 



45 




IC 



SO 



SB 



Wherein ^ , ^ . ^ e,.rh conditions are dependent upon the nature of the protecting 

Ria R2a. R3a. X. and Y are as defined above Such ^onditicx^s are p o..,.nic Synthesis. 

groups and are known to those skilled in the art I^. -9 ;f ^J^^^^^^^^ 

L 'ed.. (1991)1. in a P-^--^ -^^^^^^^^^^^ to a melanol.c slurryd potassium carbonate at 

and Ga IS .OSi(CH3)4 th.s rriay be accomphshed ^"^^^^^^^ .^ethyl ether 

in s5.eme 1 In Scheme B^. R*. W. X. Y, and n are as defined above 
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20 



25 




2a 



(in which J 
is a leaving 
group) 

0{CH2)nWJ 



Id 



30 



35 



40 



45 



SO 



ss 



Each step o. Scheme I .s earned out ve procedures well knowr. to one °* ^'^^^'^^^j^^Z'*'^ 
For example, a formula Ic compourxJ can be reacted wrth a compound ol the fonnula 

powdered potassium carbonate and using an equivalent to slight excess of the Q^<CHa^R eactam. 
A Lre preferred method involves the reaction of a formula Ic compound with a compound of formula 

B'^-W-CCHgj^-OH 
J-W-(CH2)„-J' 
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2-chlor6ben.ene su«ona,e, and the hke. halogens such Le than 2 equ^/alents, of 

A prelerred alkylating agent Is 1 ,2^.bromoethane. and at least 2 equivalents. preteraDiy. more 
1 .2-dibromoelhane is used per equwalenl of substrate. ^^.^^-.^^ carbonate in an inert solvent such as. for 

A prelerred alkali solution lor this alkyblion reaction „,oiety of a formula 

ttLtively, a compound of formula Id can be prepared by the reaction of an alcohol of formu^ 



J-W-(CH2)„-0H 



IS 



20 



2S 



30 



35 



40 



Wherein J is selected from the leaving groups described above, w«h a fom,u^ Ic compound via a Mitsunobu coupUng 
procedure A prelerred alcohol is 2-bromoethanol .piperidine. 1 -pyrrolidine, 

The reaction product from this step a «».pound o « ^^^^^^^^ , rxamethylene.mine, via 

methyl..-pyrrol,d.ne,d,methyl-l-pyrrold^ne4^oa^^^^^^ 

standard techniques, lo form compounds of formula lb. P^^'f/^'^ J% ^ j^^^,^ ^ g temperature in the range from 

chromatographic techniques. frirmiila la comoounds can be earned out if so 

Dealkylation/deprotecion of ^-''-^^^-P'^^^'^^l^;'^^^^^^^^ <>• -'^-'V 

desired to P-'^^^**;""-^ preferred embodiment of R^a and 

monium fluoride at ambient temperature ^^^n^.mHc nf formula I in which R^. R2. and 

can also be employed This route involves: 

1) The reduction of a formula V compound by diisobutylaluminum hydride or a similar reducing agent in THF at a 

rQ'u:Sof'le'2?educingagentw,thamo,arequ.^^ 
3) Addition of an aryl Gngnard reagent of the formula 



45 



SO 



55 




BrMg-^ ^ 0{CH2)nWR^ 



and warming to ambient temperature. 

and subsequent basic work-up. nroducts which may be deprotected as described 

In some cases, the -one-pof method may provide formula la products wnicn may «h 
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methods (infra ) 

Another aspect of the present invention includes compounds of formula II 



10 



IS 



20 



25 




0-{CH2)n-W 



wherein 



30 



35 



40 



45 



5 Ri^j2,"R3 R? n. and W are as defined above, or a pharmaceutically acceptable salt thereof 
A key intermediate in the preparation of formula II compounds .s a compound of formula VI 



so 




55 



VI 



''''RTa.R2aR3aandYareasdefinedabove.T^^ 
IS deserved in Scheme II. 
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25 



30 



35 



40 



46 



SO 



55 



,.jo6 




Vila 



Villa 



Villa • 




Via 



Thus, a readily avaiteble telralone Vila wherein is as defined above .s condensed with 
4-aminophenol, prelerably in the absence of solvent, at a temperature such that the morture is molten, usually c. ISO^C 



underanitrogenstrearT,.Dur,ngthecourseofthereaction,add,tional4.aminophenolmaybeac^^^^^^^ 
lost via subln«t.on The resulting imuie of formula Villa solidifies upon cooling, and may be ^^^^^^^'^^^^ 
Protection of the hydroxyl group of Villa as its silyl denvative Villa" b earned out under standard conditions, and 
the mine is converted to an enamlde of formula IXa by acylation with an aroyi halide of fomnula 



»3a 
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10 



wherein R^a and R^a are as defined above, generally In the presence of a mild base such as tr.ethylam.ne and in an 
inert solvent such as CHgClg at a temperature between ambient and reflux , ^ 

A compound of formula IXa is then photolyzed in a quartz immersion well, using a Hanovia rnercury lamp 
solvent such as ether or benzene, for a period of 4h to 1 week to provide a compound of torm^^^^ Via The procedure 
,^ ...^nfoiiy Hp<.rr.hpH .n Journal of the Chemi cal Society. Perkin Transactions t. 762 (1 975) 

Desilylation of a fom^ula Via' compound under standard conditions then provides a compound of formula Via. For 
a hstinqof appropriate conditions see. e.g , Greene and Wuts. P rotPrtive Crou ps in ^^'^^^J' ^"^^l^^^^^^ 
161 (1 991 ) Preferred formula VI compounds are those in which Ria and R^a are each individually -H or methoxy. and 
R3a IS -H Most preferred is the compound in which both R^a and R^a are methoxy 

A compound of formula VI is converted to a compound of formula lib 



15 



20 



25 




30 



lib 



35 



wherein - * 

Ria R2a R3a r4 y h and W are as described above; by the methods described syera for the conversion of 

formula Ic compounds to formula lb compounds. For example, a preferred method is the Mitsunobu coupling of a 

formula VI compound with 1 -(2-hydroxyethy I) pyrrolidine or 1 -(2-hydroxyethyl)piperidine 

Once a formula lib compound is obtained, it may be optionally deprotected/dealkylated to provide a formula II 

compound or. altematively rt may be reduced to provide a compound of fomiula lie 



40 



45 



50 



SS 




0-(CH2)n-W 



lie 
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Ria R2a R3a R4 Y. n and W me as described above One method (or carrying out this reduction involves reacting 
a formula lla compound wth lithium aluminum hydride in an inert solvent such as THF. 11 the reaction iscarned out at 
ambient temperature an intermediate product can be isolated which, upon further reduction with sodium borohydride 
,n acetic acid is converted to a formula lie compound Alternatively, if the reaction is carried out at ref ux the desired 
formula lie compound can be isolated directly. Compounds of formula lie can be optionally dealkylated/deprotecled to 
provide compounds of formula II 

In the preferred case where Y is -CH2CH2-, i e formula lla 



10 



IS 



20 



2S 




lla 



wherein 



Ria R2a, R3a, R4, p. and W are as descnbed above, it may be desirable to carry out a dehydrogenation reaction. 
30 thus providing a compound of formula lid 



35 



■^0 



45 




0-(CH2)n-W 



Ild 



50 



55 



wherein 

Ria R2a R3a^ r4^ n. and W are as described above. This dehydrogenation may be effected by various methods 
known in the'art. most preferably via reaction with 2,3-dichloro-5.6-dicyano-1 .4-benzoquinone (DDQ) 

Alternatively, it may be desirable to perform the dehydrogenation at an earlier stage in the synthesis on a compound 
of formula Via' to provide a compound of formula VIb. 



21 



EP 0 761 669 A2 



10 




VIb 



. compoundso.,o,.u.av.bmaythenbeconver,ed,oco.poundso,.orrno,an 

°' "iJe t'lula ..d compound can be op..ona.h, dep«,.ec,ed/«ealKy.a,ed to provKje a compound ot lormula ... or a.- 
temrelyTan be reduced, as described sug^ to provde a compound o. formula ..e 



20 



2S 



30 




0-(CH2)n-W 
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well known procedures (see, e.g.. Greene ana wws.r ^ compound wrth excess diazomelhane. 

especially preferred method involves reactro^^^^ 

Otiier preferred compounds of formula I or II are preparea oy repiac a » -0-SO,-(C4-C6 alkyi) 

groupsofafom.u.alor.ormulallcompoundw«hamo.elyoftheformu.aOW^^ O 

v« wel. known procedures ^ e 9 , U Pa. ^^^'^-^^^ of formula I is reacted wtth 

For example, when an -0-CO(C,-C6 alkyi) group is oe „ ' .ooriate anhydride or mixed anhydride The 

an agent such as acy. chloride, bromde. cyanide, or azide ^^^o vridK.d n^^^^^^^ or ,soquinoline. or in a 
reacLs are convenient^, earned out In a basic f f *X.Sid^^^^^^^ The reason also may be 

=o=rsrnt^~^^^^ 
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to run. 



such acybfons ot these hydroxy group also may be pertormed by acd^atalyzed '^^^^l^'^^'^!^ 
carboxylicaadsia inert organic solvents orheatAcdcatalystssuchassuMuncac.d.polypto^ 

an al^^eTonrappr^^^^^ acd. such as Ihe esters formed by such known reagents such as dicyclohexylcar- 
TodSe a?;,razo1S, nSrophenols, pentachlorophenol. N-^Vdroxys-.^'^^^^^^ 1-hydroxybenzotr.azole.Se_e. 
e g..R,.l. Chem Soc -^apan. 38 197W^^^ 

aborTrrr;r::chr^^^^^ 
''^rherarru"r:r::~ 

IS colertiTa group o. the formula 0-S0a-(C,-Ce alKyl) or -O.SO,.CF3. the formula I 
e^Sm,forexLpfe.asuiron.anhydr.deoraderlva.,veof.heapp^ 
bromide, or sulfonyl ammonium satt, as taught by King and Monoir, j. Am Chem Soc 97 
a ^Qenl such as N-phenyllrifluoromethanesulfonlmide, as taught by Hendrlckson and Bergeron. Tetrahedron Lette^ 
!^0? n 973)1^ e dIMroxy compound also can be reacted with the approprate sulfonic anhydride mixed sulfonic 
Srldes orsuifolide^ Suc^reactions are carried out under conditions such as were explained above « the 

deriiatrve can b^f urTher converted to a compound of formula 1 or formula II m which ^^ ^OrCFo groups have ^^^^^^ 
?eplSd by H Thus the formula I or formu^ II trifluoromethanosulfonate is reduced under conditions described in 
FYamole? inira nr tannhl by Ritter. Synthesis . 735 (1993) ^ ^ , ,w ^,^^^«t 

Z^ugS Iree-base forms of for^^^d formula II compounds can be used in the me hods of he present 
lnven.r« IS occasionally advantageous to prepare and use a pharmaceut^^^^^ 

oounds used in the methods of this invention primanV form pham^ceutically acceptable acid addition salts wjh a wtie 
S^etvTCnrarfeiorganic acids, and include the physiological^ acceptable salts which are "^ff P^^'; 

hvdrochlonc hydrobromlc, hydroiod.c, nitric, sulfuric, phosphoric, hypophosphonc. and the like^ ^Its dewed from 
2gt^ CI s, suc^as a.iphalic mono and dicarboxyl. acids, phenyl subs,«uted -"^^^^^^^^^^^^ 
hydroxyalkandioic acds. aromatic acids. aliphat,c and aromatic sulfonic acids, may also J^/^Ju* phan^^^ 
5 acceptable salts thus Include acetate, phenylacetate. trifluoroacetate. acrylate. ^^^^^^'^n^J^f naoSlh^e- 
Sate dinilrobenzoale hydroxybenzoate. methoxybenzoate. ""^thylbenzoate. o-acetoxybenzoate^ nap^^^^^ 
2Snz<^le bromide isobutyrate. phenylbutyrate. b-hydioxybutyrate, butyne-1.4-dioate. *'exyne-1 .4-d^ e, capra^. 

and the like A preferred salt is the hydrochloride salt. w^„ia i nr 

T^e pharn^ceutically acceptable acid addition salts are typically foimed by reacting a compound ^^^"^^^^^ 
(orml II ^Zn equimtlar or excess amount of acid. The reactants are generally combined in a mutual so^^n« such 
aT^iefh I eirer or ethyl acetate. The salt normal^ precipitates out ol solutton within about one hour to 10 days and 
can be isolated by filtration or the solvent can be stripped off by conventional means 

^hXrnaceutlcally acceptable salts generally have enhanced solubilrty f-^^'^'f'^l^^^^^' 
oound from which they are derived, and thus are often more amenable to formulation as liquids or emulsions. 

The lltng Spres are presented to further illustrate the preparation of compounds of the present invention. 
It is not intended that the invention be limited m scope by reason of any of the following examples. 

NMRdatatorthe following Examples were generated on a 6E 300 MHz NMR «strument. and anhydrous acetone- 
was used as the solvent unless otherwise indicated 
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Preparation la 
6-Methoxythianapthen-2-one 



MeO' 




TotelrahvdrofUfBn(200mL)contain,ng2-d.methylamino-6.m^^ US 5.420 349) (20 ^^^^^^ 

S 5 S 1 N aqueous HCl (200 mL) and the resulting mixture was heated lo reflux for 3 hjhe m xture 

96 5 ^7J) ^^^^^^^^^^ were seoarated and the aqueous layer was extracted with dichloromethane (300 mL) The 

r::re" 

S9o4t^25t12I^12^08;55.3. 46.2. Anal Calcd ,or CHeO^S C, 59 98; H, 4.47, S, 17 78 Found.C, 
60 19. H, 4 57, S. 18.03. 

Preparation lb 

6a.11a.Dihydro-3,9.dimethoxy-6-H.I11l5enzothieno[3,2-c][11benzopyran-6-one 




55 



40 



45 



TO a stirred so.ut.on o1 6-rr,ethoxyth,anaphlhen-2-one (see Docket 6-9459) 9' J" '"^^^^^^^^^^ 

MOO mL) and methylene chloride (50 mL) was added 4-methoxysal.cylaldehyde (17.5 g. 115 2^" 

.rom'toluene as Ngh. yellow crystals, mp 157.l65d-C. iH-NMR i^y^»^f'>; f'^^^^ ^//^^ '^^H) 4 33 (d = 
J - 8 1 Hz 1H). 6.75 (d, J = 2 4 HZ 1H), 6 70 (m. 2H), 6 60 (d, J = 2 5 Hz. 1H). 5 22 (d. J - 7 2 Hz H), * (°. 
7 2 HZ, 1H), 379 (s, 3H). 3.76 (s, 3H), IR (CHCy 1759 cm-\ MS (FD)m/e314 (M.); Anal calcd. lor.C^H^O^S C. 
64 95, H, 4 50 Found C, 65 01, H. 4 58. 

Preparation 2 

3,9-Dlmelhoxy-6-ff I1]benzothtenoI3,2-cl [1]ben2opyran-6-one 
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A mature of the product o. Preparaton 2 (4.5 g. 14.3 mmol) and ^■^'''''^'^^^'^-^■^■f^^'^^^^^ 
nTa i mmon m dichloroelhane (100 mL) was heated briefly to 80«C, inducng the formation of a precipitate The 
mire wa^2r d ho n^^^^^^^ with methylene chloride, and the mother liquor concentrated m vacuo, 

le mrntts S^^^^ -ethyL chloride, filtered to remove residual hydroquinone, and -co -^^^^^^^^ 
S ?he pr^uc was recrystallized from toluene to provide 3 94 g (88%) of the productas wjrte "eedfes mp 
S-221'C iH-NMR(acetone-de/DMSO.de)d8 41 (d.J = 8.9H2 'H). 7 82 (d J = 8 7 Hz, 1H) 7 74 d J 23 t^^^ 
1 H) 7 20 (dd, J = 8.9. 2 4 HZ, 1 H). 7 09 (d. J = 2 4 Hz, 1 H), 7.03 (dd. J = 8 6, 2 4 Hz, 1 H^ 3^94 (s 3HU 91 (s, 3H), 
.R(KBr7l717cm-i,MS(FD.)m/e3l2(M.).Anal.calc'd forC^H.p.S C. 65.37. H, 3.88 Found C. 65.51 . H. 3.90. 

JO Preparation 3 

3>Bisl(^er^butyldimethylsilyl)oxyl*tf■[1]ben2othienoI3,2-cl[1]berlzopyran^^^ 
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TO a mechanically stirred slurry of the product of Preparation 2 (12 g. 38.4 mmol) .n methylene chtor.de (220 mL) was 
IddTi^^^^^^^^^ 0 9 9 ?3 4 mU. 192 mmol) followed by aluminum chloride (38.4 g. 288 mmol). Po;t.onw,se ^^^^^^ 

'"^TcXToduct was Slurried In methylene ch.or«e ,220 mL) and treated with '-^f^^^^^^^^ 
r.^) and <a.-butyldimethylsi.yl ch.onde (20 3 g, 1 34 4 mmol) The mixture ^''-'^^^^^^^^^^^ ^s Sed w th 
h dur nq which it slowly became homogeneous After dilution with hexane (600 mL). the mixture was ««snea wKn 
^Hne So mU and the aqueous layer was extracted with hexane (30O mL) The combined organic layers were dried 
s'Sums° ^^^^^^^ 

as aflufly whrte solid, mp 142-144-C: ^H-NIWIR (300 MHz, CDC 3) d 8 50 j = " \"l'^f ^J;^; ^H) 1 0 (s 
MS (FD) m/e 512 (M+); Anal, calc'd. for C27H36O4SS12: C 63.24, H, 7 08. Found: C. 63.45; H. 7.36. 
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Preparation 4 

3.9-BisI{fer^butyldimethylsilyl)oxyl^H.I1lbe^20thienoI3,2.^ 
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n,L,. ,n. — - ""r^aTXr^r^Tr^^^^^ '^^ 

extracted with methylene chloride (2 x 200 mL) i ne coni°'"^ » The oraanic lavers were dried (sodium sullate . 
the brine wash wasfurther extracted with nr«thylenechlorde(100mL^^^^^^^ 1 

™trated, and the remnant chromatographed (-'''^f ^^'j;^^^^^^^^^ 

starting material, 1 21 g (60%. 74% based on recovered f '^^'^'f'^/^^i ' f^^^^^ ,300 MHz) d 7 70 (d, J = 
SOI. (ana.yt.ca. sample ^^^^-ff^^^;^^^^^^ 6.65 (t,r's. 1H). 6.6 (m. 

9.0 HZ, 1H), 7 46 (d. J = 2 1 ^^f 5 ' gH) 0 25 (s 6H) i3c NMR (125 MHz) d 156 9. 153 3. 151 7. 

2H). 6.39 (br s. 1H), 1 01 (s, 9H). 1 00 (s. 9H) 0.25 (S- 6H)_0 25 (s, ), ^ ^^^^ 

139,9. 131 9, 124 5. 123 9, 121.7. 1 8 3 137. 113.1. "2 ^ ^^.^gf J; ^^'/^ p^,,, c. 63.25, H. 7 68. and 260 
cm-1 MS (FD+) m/e 514 (M+). Anal, calc'd lor C27H38O4SS12 C. 62 9B. m. / ro . 
mg (1 3%. 16% based on recovered starting material o1 the diol below 




H, 7.82. Found: C. 62.49, H, 7.83. 
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Preparation 5 

3.9-BisKter^b«tyldlmethylsiM)oxyl*PhenoKy**f[11b«izothlenoP^^^^^ 



TO 



15 




(100 ml) was added anhydrous magnesium «"f«f '^"^^ ^^^^"^.^ec^^^^^ 
20 iempera.ure.Them.x,urewas(,lleredandconcenUaleda^^^^^^^^^ 

sod.um carbonate (3 x 300 mL) and water (2 x 300 ^^^^ ^^^^ iH NMR (300 MHz) d 7 67 

of the title compound as an amorphous so d which ^^ "f / J^J^.^'^^^^^^ 7 08 (t. J = 7 2 Hz, 1 H), 6.99 (dd, J 
(d. J = 8 7 Hz, 1 H), 7.50 (d. J = 2 1 Hz. 1 H). ^-^^^^J^^'f^- Jf f 7 ^^""^ 9H). 0 96 (s 9H), 0.24 (s. 6H), 0.21 
2S =37,21 HZ. lH),667(dd,J = 84.23Hz,lH),6 62(d, =23H^^^ 

&%s^r7^.T2!^s?MV(Si^ 

C. 66 78, H, 6 96 
30 Preparation 6 

3.9.B.sK.er^buty.d.me,hy..ihr.)oxyl^I4-[2-(1i^^^^^^ 
benzopyran 
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ToasoM.nonhe product o,PreparaUoo5(40..7m^^^^^ 

solut,ono. 442-(Vpipendiny.)emoxy]^eny^^^^^^^ ^^^^ ,3,„ .em- 

magnesium turnings, catalyzed by iodine in THF 27 mU ethyl acetate (2 x 

perature and stirred for 1 5 h. After quench^g with ^'fj <!°° "J^^^^^^^^ was purified via chromatog- 

mL), and the organic layer was dried (sod.um sulfate) ^^^'^^toWe l 85 g (82%) of the title compound as 
raphy (silica gel. 3:1 hexane:e.hyl acetate, O.i% ammon.^^^^ ^2 "^(m X 8 6 9 (m 3H), 6 68 (s. ,H), 6 51 (d. J 
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Found C. 68 68. H. 8 00. N. 2 26 



3,9-Dihydroxy-644-[2-(1 
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.p.perWinv.>ethoxylpheayn-e-milbenzomieno[3,2-^^ 

OH 

s- 




1096. 1088,1087.104 5. ^ f^^f ^^^^ C, 68 90. K 592;N,287 Found C, 68.88. K 576. 

(MH+) iound 474 1726, Anal calc'd for C28H27NO4S 0 BH^u 

N.2.86 
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3,9-Dimelhoxy-6-[4-l2 



OMe 
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MeO 



.X- «,othannU75 mU was treated with a solution of 
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. 3. 4 (m. 2H); -C NMR (12S ^H. ^^^^^^^^^^^ it a S^'b. SB s'^SS If^,^^^^^ 

^24 0. 121 7. 114 6. 114 O^J^^ B. 107 6. 105 7^ 1^ 3^ 77 9^ ^ ^^^^^ ^ ^ ^ , 3 3,. 

501 (M.). Anal calc'd. tor C30H31NO4S- C. 71. B3. M, 



Example 3 
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200 mg (69%) ot the title -^P^^^^f^ ^ , 5^^^ 2Hr2 60 (t. J = 4 8 Hz. 2H). 2 38 (m. 4H). 1>1 5 (m. 4H) 13 1-4 
7 2-7.3 (m. 3H). 6.9-7.0 (m 5H . 4 00 (U = 5 ^^J^^^'^^^ h.). found 682 2286 
(m. 2H). HRMS (FAB+) m/e calc'd lor 0^2^2s^^s^ 



gxample 4 

3,9.Bis{pivaloyloxy)-6-[442-(l 
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3,9-Bis(1 -bulylsu!fonvtoxy)-6-I4' 



TO 



1$ 




20 



25 



C33H^NOeS3714 2229(MH^-),tound714 2206. 



Example 6 

3,9-Bis(trifluoi 
30 benzopyran 



35 



40 




45 



50 



55 



^ -^n in THF f25 mU containing dimethylformamide (2 mL) 
TO a solu,.on o( me product o. Example 1 (500 ^^^ ^^ mrnoO m T>.n2 )^^^^ ^.p.enyltritluo.cmethanesu.- 
at roorr, temperature «as added triethylamine (0 64 0 69 mU 6 35 m ^ ^ 

fon,m,de (0 83 9. 2.33 mn«l). The teact«n m.xtu.^ ^f,''" ^er I) m,nJhereact.onm.xture was cooled toambien 
n"nf.uoromethanesuHonlmide(0 309.0.85mmol^w^^^^^^^ gel, VI hexane:emjj 

lemoerature and concentrated, and the residue was P""''^ ^oqo/,) ot the title compound as a white 

acTatl % methanol under an ammonia ^'-^^^'^yf-f i = 2.5 Hz, 1H), 7 1 3 (dd, J = 8.8. 2.7 Hz. 

fim iH NMR (300 MHZ, methanol-d4) d 7.63 (d, J = ^8 H .IH^ 7.56 (d, J ^ ^ ^ ^ ^ j 

N. 1.90. Found- C, 49 05. H. 3.71; N. 1 72 
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example 7 

H4^2^1.piper»diny.)e.hoxylphenyD-6.^l11b^^^^^ 



5 



10 



15 




nylphosphinopropane (149 mg, 0 36 '^^^^^^^^^^ concentrafon. the res.due was sub,ec,ed chro^ 

(imamKle (40 mL) was stirred at ar.b.ent '^^^P/^^^^^t/^;^^, q r/. ammon.um hydroxide) P'O^"'^'^"".^'" 
maiography (sihca gel. 1 1 hexane ^'^Vf ^ ° jL^^t^^^^^ d 00 mL)ar,d saturated sodium b,cartx>na.e (100 
.racnons werecor^centrated, Part'""^^' ''^^^^^ ^I^''^^^^^^^^^ L). The combined organic extracts were dr^d 
ml), and the aqueous layer extracted ^''^^^f^l^ g,ai^ hexaneethytecetate.2-10% 

(sod.umsulfa.e),concentrated,andlheres.dueporf.edbych^ato9 P V ^ ^ ^ ^„ ^.^^ gave a wtiite, 

Lthanol. 0.1% amrrK>n.un. hydroxide) to 9-e 267 ^ 5^^),^ ^J,. CDCI3) d 7 86 (d, J = 7 4 Hz. H) 

crystaHine sold, mp 107-C. upon tnloration ethe*^^^^^^ H t ^ ^ ^ ^ 66 (1H). 

7 40 (m 1H). 7.1-7 3 (m. 6H) 6.97 (t. J = 7.3 Hz. 1H). 6 89 (d J b. , ,3^ ^,25 MHz. 

4.0? = 6.1 HZ. 2H), 2 75 (t. J = Sl^^^^^^Yi^lS 1^8 24.6 124.4. 12^7. 122.6. 121 5. 121 5. 119.3. 

30 6 17. N. 3 17 Found C. 75 93; H. 6 44; N. 301 
Preparation 7 
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3,9-Bisl(tert-butyldii 
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TO a so.ut»n ot the product o, P-paration 5 (3.0 g^5 08 .^^^^^^^ 

solution of 4-(tr.methy.si,yloxy)phenylmagnes.um b^^^^^^^ ^.^^^^ „ , room rerr. 

nesium turnings, catalyzed by '<^'"^'" .^"^,f '-^/T'la^ was quenched with saturated ammonium 

perature and stirred lor 1 .5 h. Alter dilution mL) J concentrated The residue was slurried in 

chloride (250 mL) and the organic layer was dried '"-^^""2^*^^^^^ the solution was cooled to O'C and 
:inol (100 mL) and ether was a<«ed unj^ .^e^^^^^^^ 

treated with anhydrous potassium carbonate (3 9)'°'^="^'^^^^ 3 layer was extracted with additional ether 

through Celite. washed with saturated ^--^^'^^f .^^^^^^^^^^^ and the res«lue purrfied by chro- 
(100 mL). The combined organic layers were dried (sodium suiia 
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command «s a l.gh. pink solid, -P^l J^v? d J 8 5 Hzl^S) 6^^^^ J = 8 2. 2 3 Hz. 1H). 6 36 (d. J 

(m, 4H). 6.83 (dd, J = 8 7. 2.2 Hz, 6 76 d, J = 8 5 Hz. 2H)^6 6 ^^^^^^^ ^ ^ ^ ,53 g 3 5 

1 2 3 HZ. 1H), 0.98 (s. 9H). 0.95 (s, 9H . 0.21 ^H^' ^^'^ ,,40, 113.9, 109.3. 78 3. 26.0. 26 9 18 7, 

,409,1327,131.6.131 1 129.9,1^^24^^^ ,or C33H..O.SS, C. 67.07; H, 7.16 Found 
-4 3. IR (CHCI3) 3590. 3310 cm-\ MS (FD+) m/e ayu iiv.+/, 
C. 66 79, H. 7 05 



Preparation 8 

3,9-Bis[(rerf-butyldlmethyl6Myl)oxy]-6.[4-t2-(1- 



pyrror.dmyl)ethoxylphenyl>6.H.[l]ben.olhieno[3.2 -c] [1] 



benzopyran 
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1 -(2-hydroxye,hyl)pyrrol,d,ne (390 n,g. 3^6"^^ f f 9 mmoj ^^^^^^ ether (100 mL), washed 

425mL, 2 7 mmol) at room temperature and st.rred (or 2 h The gt^er (50 mL) The com- 

Sh saiurated ammonium chlonde (100 ^nd hT^s^u^' tnP^-V'^^^^^^^^ P-'P'f l^J 

bined organic layers were dried (sodium f f I, ,es.due purrtied by chromatography (s.l.ca gel. 1 1 

from hexane. The hexane mother Uquor was '^^^'^^"^^^^^^^ ,^ e 359 ,^,9 (77%) of the title compound as a 
hexane ethyl acetate, 3-5% methanol, 0 % ammonium M-xde to g. 91 ^ ^ 
colorless oil 'H NMR (300 MHz) d 7 45 d. - ^ I ^^^^ hz. 1H), 6 36 (d, 2 2 Hz, 1H), 4.03 (t, J = 60 

2H). 6.83 (dd. J = 8.6. 2.3 Hz, 1 H), 6.68 J " • ^ 5°J''i,.'' " l^l^tn). 0 95 (s. 9H). 0 21 (s. 6H), 0.20 (S, 6H); 

Example 8 
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By me procedure described .or Example .the produc. d P.^^^^^^^^^ 

TBAF i THF (2 4 mmol) to give, alter radial chromatography VJ,. '^''J'^^jS?^^ 'H NMR (300 

Inder an amn,L atmosphere) 200 mg (^J %) °f J^e ti^^^^^^ fXl^ln^l 23 (d. J = 8 6 Hz, 

MHZ. d.me.hylformam«Je-d,) d 10 05 (..r, 2H . 7 45 (d J 2 0 Hz^ 1H)^7 30 (d ^ ^ ^ ^ ^ 2. 

. IH). 7 19 (d, J = 8.2 HZ, 1H), 6 91 (d. J = 8 Hz, 2H). ^ ^6 <dd, J 8 9^2. ^ ^ ^ 

2.1 HZ, IH), 6.40 (d, J = 2.1 HZ. IH), 4 14 (t J = ^6 2H^^96 't^ ^ ^^^g ^333 130.8, 129,6, 125.2, 

4H), '3C NMR (125 MHz. *methylfom,am.de-c^) d 160 2 159 ^ ^5b 4 ,f, (KSr) 3286 cm ^, HRMS (FAB.) 

to 5 60, N, 2.99 Found. C, 69 1 3. H. 5.31 , N. 2.58. 
Preparation 9 

3.9-Bis«.er^buty,din,ethy.siM)oxy].6W-din,ethy.am^ 
IS benzopyran 
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mg. 3.1 mmol), and W.A^*methylethanotem,ne 340 ma 383 mU 3^^^^^ hexane elhyl acetate, 

ylate (DEAD) (531 mg, 480mL. 3 1 mmol) .n toluene <^ "^Lj- as a whrte loam ^H NMR 
k methanol, 0.1% ammon.um '-y^'<^^^l^ ^^!°ff,f^ Z 7 S(m. 2H 6.83 (m. 3H). 6.67 (s. 1H). 6.50 (dd. J = 

(300 MHz) d 7.45 (d, J = 2.1 Hz, 1H), 7.27 (d, J = ^"''/^^^^^^^ ' 2.20 (s. 6H). 0.98 (s, 9H), 0 95 

8.2, 2.2 HZ, IH). 6.36 (d. 2.2 Hz. IH), 4.00 C J = ^ 9^^^^; 2" • ^ ^0 (L " f "^'3; ^ i32.7. 132.6. 131 2. 129.8. 
(s,9H),021(s.6H).0.20(s.6H)'^NMR(l25MHz)^ 

126.0. 124 7, 122 7, 119 4, 115.2. ^'^^^^.^J^'"; 78- N 2 12 Found C. 67 38. H. 7 52; N. 2.09 
m/e 661.5 (M+); Anal, calc'd. for C37H5,N04SSi2. C, 67.11, H. 7 78. N. 2.1^ ^ 

Example 9 

3.9.DihydrPxy^(4K2<.imethy.amlnoethoxy)phenyll.6./fl11benzothfe^^^^^^ 



SO 




55 



a, « ^ .0. 1 . P'0du« o. P,=P3«^ 9 ,328 ^. 0.50 w» r»c»« - 0 M 
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under an ammon.a atmosphere) 212 mg 09%) ° the le com,^und, 7 25 (d. J = 8 6 Hz, 2H), 7 15 

ace,or,easap,nRso,id,mpi30. 40d'C^^N^^^^^^^^ 

(m 2m 6 9-7 0(m.3H),6 62 sJH).6 45(dd. J = 83.23MZ im. D I 133 0. 131 4. 130 2. 

H. 4 69, N. 2.83 Found. C. 60 93. H. 4 73. N, 2 95 



70 Preparation 10 

3,9-Bis[(lerf-butyldi 
[1]benzopyran 

15 



20 



2S 



i.e,hy.siW.)oxy>6-W2^2.ox<.1-pyrro.idlny.)ethoxyl^^^^^ 




B,the.ethoddescr.ed,nPrepara.on8,theprc..o,ot^^^^^^^^ 

nig, 3 1 mmol). and i.(2-hydroxyethyl)-2-pyr,ol,d,none (492 '^'^l^^'^'^^J'^^ ^^y,^ gel. 1:1 hexar,e:ethyl 
carboxylale (DEAD) (531 mg. 480 mL. 3 1 mmol) ^-^-^^l^^^^"^^^. fJS^S MH d 7 45 (d, J = 2 1 Hz,1H). 
acetate) provided 368 mg (69%) ol '^^-^.^^^ 3H), 6 69 (s, 1 H), 6 51 (dd. J = 8 5. 

7.28 (d. J = 8.7 HZ, 2H). 7 23 (d, J = 8 2 Hz, I")- ^ f J^- ^ " ^ 6 H2._ ). > ^H), 2 15 (I, J = 

701 3027 found 701 3039. 

40 Example 10 

3.9.Dlhydroxy.6.W2K2.>xo.1-pyrro.idiny.^^^^^^ 



30 



35 



45 



SO 



SS 
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mp l50:i60d»C 'H NMR (300 MHz. ' ^1 6 37 (dd J = 9 2, 2.3 Hz. 1H). 6.25 (d. J = 2 3 Hz, 

6.30 (d. J . 8 6 HZ, 2H). 6 71 (dd. J = S JH>, 6 51 IH). 6 37 (dd. ^H), 1.91 (quintet. J 

,H),404(t.J = 52Hz,2H).357(t,J = 52Hz,2H) 348(t,J 71^H^^^^^^^ ^ ^ ^33^ ,3, g ,30 9_ 

5 = 7 5 HZ, 2H). 13C NMR (126 ^^'^^^ ^Vs iSqO^^ 66.6. 434. 31 8. 30.7. 189; IR (CHCy 

130 3. 125 6. 125.0, 122 7, 115.6. 115 4, 113.4. 109 °' , ' . ^ 57 77 H. 5 51. N. 2.64 Found: C. 
1680 cm ' . MS (FD.) m/e 474 (MH*), Anal, calc'd. for C27H23NOsS.(CH3)2CO. C. 67 77. H. 

67 92, H. 5 56, N. 2 59 

10 gmmole 10a 

3.9.Dihydroxy-6-t4.(2^iethylaminoethoxy)phenyll*ifn^ 



75 



20 




25 



30 



35 



40 



45 



SO 



By the procedure descr..ed tor Example 1 , the product o, -'^^^JlZZe'Z^^^ 
M\BAF^nTHF(33mn,ol)togn.e.anerrad^lchrornatograph^^^^^^ 

under an amrT,on,a atrrosphere) and ^-Yf «!f ^Th T .^!^rtrr26 (dT^ 6 Hz, 2H). 7 16 (d, J = 8 1 Hz, IH), 
solid, mp 1l8-123d'C. 'H I^MR (300 MHz) 57 = "^j^"^- 'fg^z iH)' 6 35 (d. J = 2.2 Hz. 1H). 3.98 (t, J 

7 13 (d. J - 8.5 HZ. IH), 6 81 (m, 3H), 6.62 (s, \H). 6^45 dd, J 8^3, 2.3 Hz. ^^^^ , ,60.2. 

= 6.2 HZ. 2H). 2.78 (t. J = 6.2 Hz, 2H), 2.56 (q^J = 7.1 '^H) 0.97 ( ■ ^ " "J >' ^^ ^^ ,04.8. 78.1 . 

N, 3..04 Found: C. 70.26. H. 5.90; N, 303 
Example 10b 

3>Dihydroxy-6.l4.l2H1-morphollnyl)ethoxylphenyll-6-/^m [1]b.nzopyran 




ss 
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10 



15 



20 



25 




H 5.36 N. 2 92 Found C. 67 58. H. 5.51: N. 2 57 



Preparation 12a 

6a.11a.Dlhydro-9.n«thoxy.6-Wlbenzothienol3,2.cltlibenzopyran-6.one 



.OMe 



50 




chtonde (130 ml) was added ° ^^^^^^^^ conUnued for 3,5 h. The m.xture was then 

room temperature After 1 h. a ^"""^^'^^^^^^^T^ product as a powdery white solid, pure by ^ H- 

diluted w,th cold hexane and ^^^^^,9 j - ^ 5 Hz 1H) 7 33 (rr,, 2H). 7 17 (r.. 1H), 7 07 (d, J = 8.1 Hz. 

NMRar^alysis NMR (XO MHz. CDCy 57 45 (d^J - 7 5 Hz 1H) 7^^^ 4 37 (d, J = 7 3Hz, 1H).377 (s, 

,H). 6 77 d. J = 2 4 HZ. 1H). 6 69 (dd. J = 2^4 8 5 Hz, H . 5.25^d J - 7 4 Hz, ). ( ^ ^ ^ ^ 

Found C. 67 77; H. 4 24. 
PfAparation 12b 

9.Methoxy.6.H-[1]benzothieno[3.2-«4 lUbenzopyran-e-one 



35 ^OMe 



40 




■ 45 



SO 



55 



° / . w n C 68 07 H. 3.57. Found C, 67.80, H, 3 63. 

(M+); Anal, calc'dfor CieHioOab bo.u/. n. o. 
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Preparation 12c 

9^^Butyldimethylsllyl)oxy-6-H.l11benzothi«.ol3.2.c^[11benzopyran^ne 

OTBDMS 



10 



IS 



20 



2S 



30 




, ,Ko ^^ur^ nf Preoaration 12b (9.0 g, 32 mmol) in methylene chlonde (235 mL) 
To a mechanically stirred slurrty ol the product ot ^'^P^^^J^^nde (15 8 q 1 20 mmol), pomonwise. The reaction 
wasaddede.haneth.o.,59mL.80mmoJ^oltowedby^^^^^^^^^^ 

mexture was sl.rred at ambient temperature lor j*' J^f J^^J"^ diluted with THF. the layers separated, and the 
(THF) .ollowed by saturated ^.^'^^^'^^h"^^^^^^^^^^^ were dned (sodium sul.ate) and 

^"''rc:udeproduc.wassl.rrled,nmethy.. 

and tert-butyidlmethylsilyl chloride (1 0.4 g, 69 mmol) times with bnne. The organic 

which it became homogeneous. After dilution ^^^^^^^^^ hexane to provide 9 8 g (80%) o. 

layer was dried (sodium sulfate) ^'^^'tM^r-S^^ J = 85Hz. 1H). 7 72 (d. J = 8.7 Hz. 

,he t*le compound as a fluffy wh,te sohd-H ( ■ ^'^'^ 6H); IR (CHCy 1717 cm-i, MS 

1H), 7.4-7.6 (m, 2H). 7.34 (m. 2H). ^OSJdd "l = 2.2. 8_8 Hz. ^H), ^02 J^^")- ^ ', 3, 
(FD) m/c 382 (lUI*); Anal, calc'd for CiiHjaOgSSi. C, 65 93. H. & BO. rouHQ 



40 



AS 



Preparation 12d 

9K^Butyldimethylsllyl)oxy-6.m1Jbe^zoth^eno[3.2.c][1^ 



3S OTBDMS 



SO 




Asolution o, the producttrom Preparation I2c (3.5g, 9 1 Z^^::", l^^L'nCnTtS 

dropwlse w«h a t.O M toluene -i^-" ::,ZTS^Z7^^^Xi'^^^^ — 
internal temperature below -70°C. The L^ The aaueous layer was extracted three times with melh- 

mL). 10% aqueous citric acd (140 mL), and water (^^f. "^L) The aqu^^^^^ ^ncentrated, and the remnant chromato- 
ylene chloride (560 mL) The organic layers were J"^ (^""'"JJ^™,^"^^ ,„ hexane) to yield 1 .7 g (49%) ot the 
grap».-i (silica gel, gradient o. 2% ^'^V' ^e^^J^^^^^^^^^^^ 1H). 7 50 (d, J = 2 t Hz, tH), 7.42 

litle compound as a white crystalline solid^ ^H NMR (f^'J^^' * ( 7^°' 9^) o.26 (s. SH); IR (CHCI3) 2959, 2932. 



SS 6.32. 
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Preparation 12e 

9K^Butyldimethylsi^l)oxy-6^henoxy.6-H-[1lbenzothieno[3.2-cll1lbc«^^ 



10 



IS 



20 



2S 




OTBDMS 



.^ w (0 7 n pq mmol) were dissolved in chlorobenzene (50 

mL) and ihe mixture was stirred lor 3.5 hai reflux J"®'"''""^!^ ^^ dissolved in diethyl ether, washed 

zene and reconcentrated ;n vacuo at -PP^°'<''"^f ^J^J^.^^^^^^^^^^^ dried (sodium sulfate) and con- 

Ihree tiroes with saturated sodium carbonate, water ^ J^T J^^^^^^^ used without further pur*icat»n 
centrated to yield 1 7 g (93%) o1 the title compound as a flufly white soiia wnicn 
me iH NMR spectrum (300 MHz) was cons^tent wrth the structure 

Example 10c 

9-Hydroxy^t4-l2-(1-pipondinyl)cthoxylphonya-6->fItlbonzothieno[3,^^^ 



30 



35 



40 



45 



SO 



SS 




TO as<.ut.n o. the product o. Pre^.tlon 12e (17 ^^^^6^^^^^^^^^^^^ 

solutionof 4.l2-(1-piperidlnyl)ethoxy)phenylmagnesiumbrj^^^^^ P 

magnesium turnings, catalyzed by .odme in THF, *^3^L 9 1 m^l^ Jhe m ^^^^ ^^^^^^ 

temperature and stirred torU h After quenching "f'^J^^''*'';^;^'!!^^^^^ 

Chloride, and the organic layer was dried (soditjm «^^^^>f/ purified' silylated product 

raphy (silica gel. hexane-4:1 hexane.ethyl « ^^^'^^^ ^ mt). a 1.0 M THF solution 

TO a sc^ution o. the P^f "f P"^^^^^^^^^^ "oln w- s'--* ^^'^^ '° 

ol tetra-n-bulylammonium fluoride (TBAF) (^^J^^. 5.0 nnm«, bicarbonate and brine The organic 

mm. then diluted with ethyl acetate -"J ^^^l^^^,^^,!!^^^^^^^ ^^.ied via chromatography (s,l«a gel. 1:1 

layers were dned (sodium sulfate) and <^<^<=«"'«'^- .^''^'^^^^^^^ 0 93 g (56%) of the title compound as 
hexane.ethyl acetate, 0-10% methanol, 0 '''^:^'^^;:^'^STj QO hT^^^ IM ( . J = 6.0 Hz. 2H). 2.41 (m, 4H), 
whhe fluffy solid: ' H NMR (300 MHz) 86.7-7^ (m. 1 2H). 4.02 M - 6^0 HZ; 2H). 2 13 J ■ CaH^sNOaS 
1 .49 (m, 4H). 1 .37 (m. 2H). IR (KBr) 2934, 1609 cm^ MS (">) r^^^^J ^' ^ ^ ^ ^ 3 qq. Found: C. 71 .97; 
(MH+): 45B 1790 Found. 458 1798. Anal, calc'd for CaeHgrNOaS-O SHgO C. 7^oa, n. 
H. 6.04; N, 3.06. 
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Preparation 121 

3.(^B«.yldimethylsilyl)oxy■6.ffl11ben»thienol3,2.cll11ben2opyran^ 



10 



IS 



20 



2S 



30 



TBDMSO' 




TO a .ecan^a., sU.e. s.u.ry o, ^^^^^^^^^^^^ 
gjemislry, 40 3169 (1 975))(1 0 g, 3 6 mrr«i) .^^^^^^^^ 

■gi^^, aluminum chtonde (1 .6 g. ^2 T^^^^^^JX^^^^ (THF) lollowed by salura.ed sodium bcar- 
,a 1 5 h. then cooled lo 0°C and ^"^"^'^f f ^'"^ '^^^^^^^ aqueous layer was washed several times with 

.„d ,.«.6>..,B,r,*,1s,.,. chlo» (1 .38. ' ™ two «.^es w.h The o.gmic 



35 



40 



45 



C.66 11.H. 5 83 
Preparation 12g 



3H^Butyldlmethylsllyl)oxy^»*[1]ben«»thi«no[3.2<lI1lbenzopyran^l 



TBDMSO 




50 



SS 



Asolutiono. the product .cm Prepara,i^;.(S.Oa^^^^^^^ 

dropwise with a 1.0 M toluene solution o1 ^''^obutylalurnrnm hyd"^^^^ ^ ^.^^ ^20 

intlal temperature below -TO'C. The '--'''^^''1?;'''^^^^^ 

mL). 10% aqueous atrc acid (200 mL). and water (^^0 mLV T^^^^^^^^^^^^ concentrated, and the remnant chromato- 

ylene chlonde (800 mL) The organic ^y-^^^^^^^2S^^7%^^^^^ ^ 

graphed (s.hca gel, gradient of 2% ethyl ^ 7 7 Hz 1 H) 7 83 d, J = 6.7 Hz, 1H). 7 3-7 B 

^'compound as a v^ite „u«y «>-id NM"^^^^^'^^^^^^^ S^^'hC^) 2958 29^ 2861. 1616. 1594 cm-. MS 

(m. 3H); 6 91 (m. 1 H), 6 62 (m. 2HK 1 00 (s 9H). 0.26 6") JR ( J ^ 

(FD) m/e 384 (M*); Anal calc'd tor CsiHa^OgSSi. o. b&.ss. n. o.*: 
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Preparation 12h 

3H^ButyIdimelhylsllyl)oxy-6.phenoxy-6-H.l1]ben2Othienol3.2-c]l11ben20pyran 



70 



25 



30 



35 



TBDMSO' 




,,ve t,mes with saturated sodium ca*onaie. water and bnn^^^^^^ 
centrated to yield 0 11 g (100%) o1 the title compound as a flu«y white solo wnicn wa 
10 the NMR spectrum (300 MHz) was consistent with the structure 

Example 10d 

3-Hydroxy^[4-t2K1-piperWinyl)cthoxy]phenyll-6-H-[11ben»thienol3.2-cl[11benzopyrBr^ 




Toasolutionot the product o.Preparat^12h (0.29 g^O.^^^^^^^^^^^ 

solutionol 4-l2-(1-pipendinyl)ethoxy)phenylmagnes.u^^^^^^ 9 ^^^^ 

magnesium turnings, catalyzed by iodine ,n THF llf-'^^^^J^'^^^ sdc times with methylene chloride, 
perature and stirred (or 1 h. After quenching ^^^'^ ^m^"^^^^^^^^^^ was purrfied via chromatography 

and the organs layer was dried (sodium sulfate) and -or^c^^^^^ J^^^Zm silylated product. 
(Silica gel, 4:10 :l heKane:ethyl acetete) to give a4l g (11 9^^^^^^ 

TO a solution of the partially punfied product (O^^S' "^^^mmo') ^ temperature for 

Of tetra-n-butylammonlum fluoride (TBAF) «\";h;°KTee Tm^wTh saSeT^^^ bicarbonate and brhe. The 

10 mm. then diluted with ethyl acetate and ;;'^«'^^^*^?V7h' rnarv^s trHura^ 
organic layers were dried (sodium sulfate) and concen,^^^^^^^ 

the precipitate filtered and rinsed ^^^^^^^^^^^^^^^^^^^^^ until all L material went into solution. 

The solid was slurried in '"e'hanol and trifluo oacetoc concentrated in vacuo to yield 0.28 g (80%) of the 

the insoluble material was filtered away the r^^^^^ was concen^ra j = 8.6 Hz, 

TFA salt as a fluffy orange solid: 'H NMR (300 MHz) 57 95 m. J^l)- ^^^^ (m. 1 H). 7 2 ( . , ^ ^ 

2H). 6.76 (s. 1H). 6 51 (dd. ^ = 2.2^8 2 H, 1 ^^^^J^ = 2 ^30^^^^ 16^0, 16l0 cm-i MS (FD) m/e 457 
3.0-3.2 (m.2H). 1.7-2.0 (m.5H . M-17(m,1H)JR(CHa^^^^^^^ ^^^^^ ^^^^ ^^^.^ 



45 



50 
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Preparation 18a 

2.8-Bist(terf.butyldimethylsilyl)oxyh5H-benzoM^^^ 



10 



15 



20 




(3 3 g. 14 5 mmol) in dichloroethane (100 mL) was hea ed ^^l^^Lli^ and the mother liquor concentrated in 
The mixture was f,.tared hot, rin.ng the precipitate "^J,'^^'^^^^^^^^^ dned (magnesmm 

vacuo The remnant was pan„ioned between ^^^^'^^^f^^'^^^^^^^ ty^o^^ of rtrtle product as a tansoLd. mp 
sullate). cocenlrated, and recryslalLzed Irom hexane to provide 5 5 9 (79 A) o" me _ P ^ g 

HZ, 1 H). 7 28 (d. J = 5 4 Hz 1H), 6 90 m 2H) 1 .05 (s_^9H), ^ ^ , ^ ^ 

cm-1, MS (FD) m/e 506 (iyi+); Anal calc'd lor C29H38045i2. bB./^. n. /.a/. 



25 Preparation 18b 

2.8.BI«l(tert^butyldiniethyteilyl)oxy]-5H.ben20[b]naphtho[2.1-d|pyran-S^I 

30 



35 



40 



45 




B,.heproced.redescri.edlorPreparation4.hepr^^^^^^^^^^ 

M dilsobulylaluminum hydride in toluene (19 mL. 1V9 mmd) J ^^^13) 6 7 96 (d. J = 9 1 Hz. IH). 

g (82%) Of the title compound as a white solid, rnp l 88-1 90 C. H nmh , ^ ^ ^ 

? B6 (d, J = 8 8 H2. IH). 7 79 (d. J = 8.6 Hz. 1H)J.75 (d J = 8.2 "^^1" "J ' J g'^^ (s 9H). 0.27 (s, 6H). 
2 4 HZ, 1 H), 7 06 (d, J = 7 4 HZ. 1 H). 6.67 (m 2H). 3.24 (d. J = 7 7 Hz 1 H) 1 04 (S_9M), l u ( ^ , v 
0 27 (s 6H) IR (CHCI3) 3574 cm-i; MS (FD) m/e 508 (M+). Anal, calc'd lor C29H40O4S.2 C. 68.44. H. 7.S4. 



C. 68.63; H, 8 11 



50 



55 
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Preparation 18c 

2>BisK^er^butyldimethvl8llyl)oxyl-5-phenoxy-5ffbenzo(b]napM^^^^^ 



10 



15 



20 



2S 



30 




Phenol p 2 g, 34 3 mmol) to give 3 82 g (95%) of the title Thf? 3^5 L 3H) 7 2-7 3 (rr.. 3H). 7.11 

Su,L.ht pun,.cat,on. NMR fO MHz) 5 7 9^8.1 HW^^^^'^S'^'^^i^^S.^H), 0 29 (s. 6H). 0 24 
(,, J . 7 3 HZ. 1 H), 6 74 (dd J = 85 2^3 HZ ^ff J^'^'f * li.,. i26.4, 125 8, 125 1 . 124.9, 123 9. 123 6. 

r2i^!i;TiTa5.T7:iS^^^ 



Preparation ied 



2,8-Bis[(rert-bu 



,y.*.etHy.s.^.)oxy]-S.W2-(1-pip.r.^^^^^^^^^^ 



35 



40 



45 



SO 




Bvthep.oced.edesc*edtcrPrepa.«.6,«,e^^^^^^^^ 
JthF solution of 4-12-(l-P>per.d,nyl)ethoxylphenylmagnesu^^^^^^^ 

3.2hexane ethylacetate, 0 ^''^'^^TZTZ^J J = 8.3 Hz. 2H). 7.35 (d. J = 2 4 Hz. 1 H). 

NMR (300 MHZ) 8 7 97 (d, J = 8 8 Hz. 1 H), 7 89 (d - S ^ ™^ ' ' g 37 ^^ .j , 2.2 Hz. .1 H). 3.95 (t, J 
7.10 (m. 3H), 7 02 (s. 1H). 6.73 (d. J = 8 7 Hz. 2"). ^ ^3 'f^' •J'/^f f ^^I'unZH) 1 00 (s, 9H). 0.94 (s, 9H). 0.25 

= 6.0 HZ, 2H), 2.58 (f. J = 6.0 Hz. 2H). 2f("^^^H) 14-^5 m,4H), ^4 (m. 2H)^ ( )^^^ ^ ^ 

(s. 6H), 0.19 (s, 6H). ^3C NMR (75 MHZ) V,f„^ f^^ o 3 ^B^^B 8 5^5 55 6. 26.8, 26.0, 26,0, 25.0, 18 7, 18.7, 

\25 6. 124.7. 123.4. 121 6, 118 0. 116.5. ^ 5^0; "^ ^^ ^^^J '^^ ^jI^h s.ZI N. 201. Found: C, 72.53. H, 8 49. 
-4.2. -4 3; MS (FD) m/e696 (M+). Anal calcU for C42H57N04SI2. C. 7^.4t>. n. o 

N. 2.08 



55 
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PYftm ple 11b 
2,8-Dihydroxy-5-[4-[2-{1 



10 



IS 



20 



25 



.pipcridiny.)eU,oxylphenyn.6^fbenzolblnaph.hol2.1-dlpyran 

OH 




. 1CH 4 Q 4 9 mmol) vras reacted with a i 0 M 
By me procedure described .or Exarr,p.e 1 . the P'oc-uct oJ^Prjara^^^^ ^ Ltne emy, aceU, tO% me.nano, 0 1% 
?BAF ,J THF (24 4 r.mol) to provide, alter ^'^^'^^'^'f P^fJ l^^^^^ e compomd as a white solid, mp 158-I6rc 

ra^iurr,r,ydrox.de)andtr«uraUc. w«h ^^^^^^^^ ,,,, ,.,3 (d. J = 2 4 Hz^ iH), 7_0 

NMR (300 MHZ) 5 7 89 (d. J = 8 7 Hz, 1H), 7 77 (d, J - 8.7 HZ ). ^ ^ ^ ^ ^ 3 95 (, J = 6 0 Hz. 

^6 97 (s 1H) 6 71 (d. J = B 7 Hz, 2H), 6 49 (dd, J ^ * 2m ^^C NMR (75 MHz) 6159.5. 159 5, 155 8. 

H 60 "j = 6.0 HZ, 2H). 2 40 (m. 4H), 14-1 ^ (-/^ /.f ' '9T1I6.I. "^"^ " J 

74 ,9. H. 6.45, N, 2 88 Found C, 74 13, H, 5 45, N. 2 88 
Prn pnratloo 22a 



30 



3S 



40 



45 



SO 




OMe 



MeO" 



C^SKHine s H) 7 60 (d, J = 8 8 Hz, 1H). 7 37 (dd, J = ^f>-^ f ]^\ - 3.94 (S, 3H), 3.87 (S, 3H). 

£ 2^) 7 08 '= 2 7 HZ, 1H). 6.93 (d, J = 87 Hz 2H). 6.66 (cW. J^ ^ ''s', 9^,^.3 '136.3,^ 33.8, 129.8, 128.3^ 
?02 (s 9H) 0 25 (S 6H).^3c NMR (75 MHz. CDCI3) S 163 1. 159^2. 56^^ 54^ 25.,, 18 3, -4.2; IR 

. 123V ::0^^. C 72.., H. 6 51. N. 2.74. Found-. 

(CHCIa) 1646, 1619 cm*^; MS (FD) m/e &ii K^i^h 
C. 72.57; H. 6 50. N. 2.83. 
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Preparation 23a 

2,8-Dimethoxy-5-(4-hydroxyphenyiy-6/fbenzo[c]phenanthrid-6-one 

5 



70 




75 

The product of Preparation 22a (6 8 g, 13 3 mmol) was dissolved in 1:1 acetonilrile: methylene chloride (200 nriL) and 
treated with hydrogen fluonde-pyndine (80 mL) for ih. The nnixture was diluted with brine (500 mL) and extracted with 
THF (3 X 300 mL) The combined organic layers were neutralized with saturated sodium bicarbonate and the resulting 
aqueous layer was washed with THF (2 x 500 mL). All aqueous layers were then combined and washed with THF (500 
20 mL), and the combined organic layers were dried (sodium sullate). and concentrated, and the solid residue was washed 
with acetone to provide 5.27 g (100%) of the title compound as an off-white powder, mp 3l0d*C: ^H NMR (300 MHz, 
DMSO-c^e) 5 9 79 (bs. 1 H), 8 52 (d. J = 9 0 Hz, 1 H). 8 42 (d, J = 9 0 Hz, 1 H). 7.72 (m, 2H). 7.47 (dd. J = 8 7. 2 3 Hz. 
IH). 7 01 (d, 2.1 Hz, IH), 7 21 (d. J = 96Hz. 1H). 7.07 (d. J = 8.4 Hz. 2H), 6 82 (d. J = 8 3 Hz. 2H). 6.68 (dd, J = 9 3. 
2 6 Hz, IH). 387 (s. 3H), 3 79 (s, 3H). IWS (FD) nn/e 397 (l^+) 

25 

Example 12a 

2,8-Hydroxy-S-[4-[2-(1-piperidinyl)ethoxy]phenyl]-11,12-dihydro-6H-benzo[c]phenanthrid-&^ 

30 



35 




40 

By the procedure described for Example 14, the product of Example 1 2 (310 mg. 0.61 mmol) was reacted with ethanethi- 
ol (189 mg, 3.1 mmol) and aluminum chloride (611 mg, 4.6 mmol) to provide afler radial chromatography (silica gel, 1 
1 hexane ethyl acetate, 10-20% methanol, under an ammonia atmosphere) 237 mg (81%) of the title compound as a 
yellow loam which crystallized upon trituration with ether, mp 166-174d''C' ""H NfS^R (300 MHz, methanol-d4) d 7 80 (d, 
45 J = 8 9 Hz. IH), 7 73 (d. J = 2.6 Hz, IH). 7 30 (dd, J = 8 9. 2 7 Hz. 1H), 7.19 (d, J = 88 Hz, 2H). 6.97 (d, J = 8 9 Hz. 
2H), 6.66 (d, J = 2 5 Hz. 1 H), 6.56 (d, J = 8.7 Hz. 1 H), 6.21 (dd. J = 8.7, 2.6 Hz. 1 H), 4 1 6 (t, J =: 5.6 Hz, 2H), 2 86 (s. 
4H), 281 (t. J = 5 6 Hz. 2H). 2 59 (m, 4H), 1.6-1.7 (m. 4H), 1 4-1 6 (m. 2H), IR (CHCI3) 3673, 1637, 1602 cm-i; MS 
(FD) m/e 482 (M+), Anal, calc'd. for C30H30N2O4.H2O C. 71.96. H. 6 46. N. 5 60. Found C. 71 .68, H, 6.63. N, 5.46 

SO 
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Example 12b 

2,8-Dimethoxy-5-[4'[2-(1-piperidinyl)ethoxy]phenyl]-11,12-dihydro-6/fbenzo[c]ph©nanthrW 

5 



10 




15 

A solution o! the product of Example 12 (350 mg, 0.69 mmol) in THF (25 mL) was treated with lithium aluminum hydnde 
( 1 29 mg, 3.4 mmol) inducing a moderate exotherm The mixture was allowed to return to room temperature and stirred 
for 2h. then briefly warmed to reflux, cooled, and quenched with ethyl acetate (50 mL) followed by saturated ammonium 

20 chloride (50 mL). The aqueous layer was extracted with ethyl acetate (2 x 50 mL), and the combined organic layers 
were dried (sodium sulfate), concentrated, and purified via radial chromatography (silica gel. 1 :1 hexanerethyl acetate, 
5% methanol, under an ammonia atmosphere) to provide 248 mg (64%) of the title compound as a yellow foam "'H 
NMR (300 MHz, CDCI3) 5 7 28 (d, J = 8.5 Hz. 1 H). 7.05 (d, J = 8.5 Hz, 1 H). 6.79 (m. 3H), 6.72 (d. J = 2 6 Hz. 1 H), 6,65 
(d, 9.0 Hz, 2H). 6 58 (d. J = 2.6 Hz. 1 H), 6.52 (dd, J = 8.6, 2.6 Hz. IH), 4 65 (s, 2H), 3.94 (t. J = 6 1 Hz. 2H), 3 74 (s. 

25 3H). 3.74 (s. 3H). 2 96 (dd, J = 8 3. 5.6. 2H). 2.81 (dd, J = 8 3. 5.9 Hz, 2H). 2.66 (t, J = 6 1 Hz. 2H), 2.43 (m. 4H). 
1.5-1.6 (m.4H). 1 3-1 5 (m, 2H), ^^C NMR (75 MHz. CDCI3) 5 158.5. 158 3. 153.3, 141.7, 138 4, 134 6, 132 3. 126.6, 
126 2. 125 3, 122.9.121.7. 120.5, 114.9, 113.4. 112.3.111.2, 111 0.65.8.57.8,55.6.55.2.55.1. 54 8 29 0,25 7,24 0, 
22 2; IR (CHCI3) 1610, 1506 cm '; MS (FD) m/e 496 (M+); Anal calc'd. for C32H3eN203: C. 77.37; H. 7 32, N. 5.64. 
Found: C, 77.25, H. 7 12; N. 5 75 

30 

Example 12c 

2,B-Oimethoxy-5-[4-[2-(1-piperldinyl)ethoxy]pheny]]-6^benzo[c]phenanthrid-6-one 

35 



40 




45 

By the method described for Example 12. the product of Preparation 23a (4.8 g, 12.1 mmol). Inphenylphosphine (6.3 
g, 24 2 mmol), and l-(2-hydroxyethyl)piperidine (3.9 9. 30 3 mmol) were reacted with diethyl diazodicarboxylate (DEAD) 
(4.2 g. 24 2 mmol) to provide, alter chromatography (silica gel, 1 :1 hexane ethyl acetate. 5-20% methanol, 0.1% am- 
monium hydroxide) and recrystallizatlon from ethyl acetate, 5.14 g (84%) of the title compound as a fluffy white solid, 

so mp 176*C ^H NMR (300 MHz. CDCI3) 6 8.25 (d. J = 9.1 Hz, IH). 8 21 (d, J = 8.8 Hz. IH). 7 96 (d, J = 2.8 Hz, IH). 
7.64 (d. J = 8 8 Hz. IH). 7 40 (dd. J = 9 0. 2.8 Hz, IH), 7 31 (d. J = 9.7 Hz, IH), 7.26 (d. J = B 8 Hz, 2H), 7 10 (d. J = 
2.7 Hz. IH), 6 99 (d. J = 8.9 Hz. 2H). 6 70 (dd, J = 9.6. 2.7 Hz, 1 H), 4.16 (t, J = 6 0 Hz. 2H). 3 95 (s. 3H), 3 88 (s, 3H). 
2.81 (t. J = 6 0 hz. 2H), 2 53 (m. 4H), llS-l 7 (m. 4H), 1 4-1.5 (m. 2H). NMR (75 MHz. CDCI3) 5 163.2. 159 2. 
157 9, 156.9, 136.3. 135.7. 133.7, 129.7. 128.3. 127.3. 1264, 123.9, 123.7, 122 8, 120.5, 119.4. 1166. 1157, 116.1. 

55 109 1. 106.9, 66.2, 57.8. 55 5 55.1, 55 0, 25.9, 24.1; IR (CHCI3) 1647, 16l9cm-i; MS (FD) m/e 508 (M+), Anal, calc'd. 
for C32H32N2O4 C, 75 56; H, 6.35; N, 5.51 . Found C. 75 58, H. 6 28. N 5.77. 
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Example 12d 

2.B-Hydroxy-S-t4-(2-(1-piperidinyl)cthoxy]phenyl]-6/fbenzo[c]phenanthrld-6-one 




By the procedure described (or Example 14, the product ol Example 12a (500 mg 0.98 mrriol *as reac ed wrth 
emanetS^I (304 mg, 4.9 mnx)l) and alum.r,um chloride (987 mg 7 4 r.mol) to providealter ^►^^^'^fl^^P^V ^ 
rheSthyl acetate. 10-30% methanol. 0 1% ammon.um hydroxide) and crystalhzation from rnethanol 397 mg 
8 % o the 1 compour,d as a wh.te powder. An analy,.cal sample was '^^''f ^,^<';^7.73"°3^S^ 1 7^ 
227.232d-C 'H NMR (300 MHz, DMSO-d,) 6 10.15 (bs. 1H), 9 82 (bs. 1H) 8 43 ^^'J =^2^^;- !^ <"^h "4 ll 
HZ 1H^ 7 69 (s 1 H) 7 63 (d, J = 9 0 Hz, 1 H), 7.34 (d, J = 8 9 Hz, 1H). 7.0-7 3 (m, 6H). 6 58 (d. J = 9 6 H^. 1H). 413 
« I sfi HZ 2m 2 69 (t J - 5 5 HZ 2H), 2 46 (m, 4H), 1,3-1 6 (m. 6H). i^C NMR (75 MHz, DMF-d^/acetone-cfe/ 
C(i U162 2Ti 4 157 3 155 9 137.4 37.2. 1 33 9. 130 8, 127 6, 127.5, 126 9, 125 0, 124.0, 123 1. 121 1^119 0. 

^i^S'mTVsTnSme 634.55 8^ 

Anal. calc'd.'for C^H^^^,-0 SH,0 C. 73 59; H. 5.98; N. 5 72. Found: C. 73 72. H. 5.88; N, 5.71. 
EMimole 13 

2,8.Dimethoxy-S-[4i2-(1-plperidlnyl)ethoxylphenyl]-6H-benK»Ic]phenanthridine 



35 



40 




OMe 



MeO 



A solution ot the product of Example 12a (3.82 g. 7.51 mmol) in THF (250 mL) was treated wrth hth.um aluminum 

™ n 43 g 37 5 mmd) resumng .n a moderate exotherm. Alter the exotherm ceased, the mixture was warmed to 
45 ?efl overS cooled to room terSperature, and quenched caut^usly w.th ethytacetate (200 mL followed by I N 

Si uThyd oxi^^ (200 mL) The layers were separated and the aqueous layer extracted wnh ethyl acetate ,2 x 200 
arthe cLb. ed organ.c layers were washed with brine (200 mL). dried (sodium sulfate), and "^enU^J'J^Je 

^due was recryslallJd from hexane:ethyl acetate to provide 3 24 9 (87%) of '^^'f "f/^^sT^^^ 

solid mp 136-137 'H NMR (300 MHz, CDCI3) 6 7 91 (d. J = 8.6 Hz, 1H), 7.74 (d, J = S 8 H==, 2H , 7.61 d^J - a6 Hz 
so ^ 7^^ rd J - 2 5 HZ 1 H) 6 95 (dd, J = 9 2, 2.6, 1 H), 6 91 (dd. J = 8.5. 2.6 Hz, 1 H), 6 6-6.8 (m, 5H), 4.75 (s, 2H), 

i o J. f B lHz 2Hi 3 90 (s 3H) 3 79 (s, 3H), 2.68 (t, J = 6 1 Hz. 2H), 2.44 (m. 4H). 1.5-1 7 (m, 4H). 1.4-1 ,5 (m. 
C NMR(7 MHZ. CDc£^ 153 4, 143 5, 137.9. 135.0. 134.1, 126.5, 125 6. ^^^^^^^^ 

?S7 ?22 4 121 7 118.1. 114 9. 113 8. Ill 2. 106 4. 65.8, 57 8. 55 8. 55.2. 54.8. 25 7, 24.0; IR (CHCy 1^6 Cm-1; 

MS (FD) ^e S (M*):A.^-' calc-d for C3,H3,N^3: C 77 70. H. 6.94, N. 5 66 Found C, 77.54; H. 6.99; N, 5.63. 
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Preparation 11 

3,9-Bis[(fer^butyldimethylsHyl)oxy]^t4K2-diethylaminoethoxy)phenyQ-6.mi]ben20thien^^^ 
benzopyran 



10 



IS 




r 25 H2 ^H) 7 3-7 4 (m 4H). 6 86 (m, 3H). 6.69 (s. 1H). 6 51 (dd, J = 8.3, 2.3 Hz, 1H). 6.37 (d, 2.2 Hz^lH), 3 98 
^ ^ , «Th 2H1 277^-6^^ 2H 254(q.J = 7 1Hz.4H).0.99(s.9H).0.97(t.J = 7.0H2.6H),096(s,9H), 

m/e689(M+); 
30 Preparation 12 

3.9-BisI(ter^butyldimethylsllyl)oxyl*[H2K1-nK,rpholinyl)ethoxy]phenyfl-6.H-[1]^ 
benzopyran 



3S 



40 



45 




SO 



55 



Rv the method described in Preparation 8. the product of Preparation 7 (500 mg, 0.85 mmol), tr.phenylphosph.ne (892 
0 « J^J. hyd,o«,d,| p.ov,d«l S69 (95%) ol ">'J^V>«'^ » ' f "^ 2 5^ 'iS 
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Preparation 13 

3,9-BisI(fer^butyldimelhyl6ilyl)oxyH-W-ben2ofu^o[3.^c]l1]benzopyran-6.o^e 



70 



IS 



20 



25 



30 



35 



40 



AS 



SO 




S 9 q mL 2^ mmol) and rert-buty.d.methyls.lyl chlonde (24.7 g, 1 64 mmol) The mixture was warmed^ arnb.ent 

S o 28 tsH) 0 25 (i, 6H). Ir (CHCI3) 1733 cm-i. MS (FD.) ^0 496 Anal, calc'd. for C^H^^O.S,, C. 
65 27. H. 7 32 Found C. 65.57, H, 7 26. 

Preparation 14 

3,9.BisKfert-butyldimethylsilyl)oxy].6-l*benzolurol3,2.c][1]ben2opyran.6-ol 




S o oUhe itle compound as mixture wrth its aldehyde tautomer. Chromatography (silca ge^, 2-l5/o ethyl 
di litS, MS (FD) nv. 499 (MH.), A.=l 1=. C^Wi C, 65 Ot H 7.69. Found. C, 65.3S, H. 7.76. 
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Preparation 15 

3>Bis[(fer/.butyldimethylsilyl)oxy]^phenoxy-6.H.beri2ofuro[3,2.c][11benzopyran 



10 



IS 




Byrne melhoddescnbed .n Preparation 5, the producof Preparation 1 4 (464 mg, 0-93 mmo^) was 
(1 05 g. 11 .2 mmol) .n chlorobenzene (25 rr,L) cor^tainhg anhydrous magnesium sulfate ^^;^l'°J^^J^"^J'^J."'^ 
01 thecrude title cornpoundasaiiur«iablepir,ktoarn which wasused without purificato^^ 
20 (m.8H)6 6-6 9(m.3H).l01(s.9H), l00(s,9H).0.28(s.6H).0 25(s.6H). 

Preparation 16 

3,9-Bi8l(rert-butyldimethyisllyl)oxy]-6W2-(1-pipwldinyl)ethoxy]phenyq-^ 

2S 



30 



35 




40 



45 



SO 



By the method described in Preparation 6, the product of Preparation 15 (f 7 mg. 0^81 -^^l) ^f^^^^^^^^^^^^ 
MTHF solution of 4-l2-(li)iperidlnyl)ethoxy]phenylmagnesium bromide (2.6mLJ.62rn,,«l) in toluen^^^^^^ 
chromatography (silWgel, 2:1 hexane ethyl acetate J %nr,ethanol under an ammonia atmosphere) povided 500 m^^ 
SiTci^e mie LpoL as a cotorless, gummy solid-H NMR 

6 92 (d J = 8 6 H2. 2H), 6.78 (d. J = 8.4 HZ. 1H). 6.66 (d. J = 8.1 Hz, 1 H), 6 66 (s. 1 H), 6.53 (dd^ J ^ 8 2 2 2 Hz ItH^, 
6 38(d J-26HZ 1H 4 05 (t, J = 5 9 Hz. 2H). 2.64 (t, J = 6.1 Hz. 2H). 2 42 (m, 4H). 1 4-1 .6 (m 4H). 1.3-1.4 (m. 
2h! 96 ("s. 9Hr0.95 s, 9H)^ 0 20 (S, 6H), 0.19 (S. 6H). '^C NMR ,125 MHz) d 160.3. 158 0 156 8^ 165 5^1^.0, 
143 2 1327 1298 121 6 121 i, 119.8. 117 3. 115.3, 113 8. 110.6. 109 8, 109.1, 103.8. 79.0, 66.9. 58.5, 55.6. 26^8. 
2^0 26 0 25 0. 18.7, i s, MS (FD) m/e 686 (M.), Anal calc'd for C^oHssNOsSi," C 70.03. H, 8.08. N. 2 04. 
Found. C. 70.28. H, 8.14, N. 2.08. 
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Example 11 

3>0ihydroxy-H4-I2-(1-plperidinyl)emo)cy]phenyll-6-ffbenzofuro[^ 



10 



IS 




20 



25 



By m p«««.u,e d.sc*«WE»mplel,».epro«i=,«IP,cpa.».6(520 m9,0 76 mc^J^ "^"Z!^ 
M TBAF « THF (4 5 mmol) 10 9™. >»««1 Oi.onalog.aph, (..to ^. 1 1 hex.«e:elh,l acelale m/.<^^ 

rrr:rr^trsTH'."?Hn'.r:r— ^^^^^ 



Preparation 17 

30 2-Methoxy-8-hydroxy-11 ,12.dlhydro-SH-b«n2D[l>]naphtho[2,1-cGpyran-5-one 



35 



40 



45 



50 




OMe 



Toa solution Of 1 <a.bomethoxy.6-methoxy.24etralone (see. CoMn. Mamn. and ^^^^^^ 

(?966) 18 0 g, 76.8 mmol) and resorcinol (8,9 g, 80.7 mmol) stirring at ambient temperature '^^'^^l^^"'^^'^^^ 
uH^JictLJofus oxvchlorKle (12 0 g. 7.3 mL, 18.3 mmol) dropwise, and the mixture wamied to BO^C for 1 2 h. After 
^^S^^S^X^em^«^L was poured Into water (500 mL) and tittered, nnsing the precp-tate with ether 
Te mrire sTet^^^^^^^^^^ the aqueous layer was extracted with ethyl acetate (3x 500 mL). and the combined 
aaStvl's were drledjsodium aultate) and concentrated. Recystalhzation of the residue P^°^^^^^ 
/H i-ftRH2 1HW75(d J = 87H2.1H).66-7.0(m,4H).376(s,3H .2.8-3.0(m.4H).i3CNMR(l25MH2,DMSO 
isSX 153.3, 147 7. 137 5, 127.4, 125.8. 122 5 114 5. 112 6. 112 4. 110 . 101 4, ^6, 
26.3. 22.7; IR (KBr) 3250, 1676, 1618 cm'\ MS (FD+) m/e 294 Anal calc'd. for C,8Hi404 C. 73.45. H, 4.80 
Found. C. 73.15. H. 4 86 
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Preparation 18 

2.8.BisI(»errtuwidlm.thylsilyl)oxyH1J2-dihydro-5/fbenz^^^^^^ 



10 



15 



20 




ethanethK,! (3 53 g, 3.95 mL. 56 8 "~ f o";, es 2 mmol) and tert-butyldimethyls.lyl chloride 

Thecrudeproduct waslurtherreacted withtnethylamine (8.6g. " f^^^^^^Z^on Trom hexane. the l, le product as 
(8.6 g, 56 6 mmol) .r, methyler^e chlor.de (100 '"L) to provide, aneyecorsta^ from •^exa P 
[ yelL sohd, mp 145-147-C iH NMR (300 ^^^^^^'''^^^^^'l^l^ 1^0 1r (125 

IH). 681 (m. 2H) 672 (d. J = 24 Hz, 1H). 2.8-3.0 (n. ^^"J'^ ^ <Vl23 9 1^^^^^ 118 1 117 5 117 3. 113.8. 107.5. 



2S Preparation 19 

6.Methoxy.1.[(4.hydroxy)phenyl]imlno.1,2,3.4.tetrahydfonaphthalene 



30 



35 



40 



45 



XX. 



(t.J = 68H2.2H). 1.85(m. 2H). 



so 
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Preparation 20 

6-Methoxy-1-[(4.hydroxy)phenyllimino-1,2,3,4-tetrahydroriaphthalcne 



70 



IS 



20 



2$ 



JX) 



Th« „r«duct ol Preoarauon 19 (36 g 134 7 mmol) was dissolved .n 1,1 methylene chloride THF (300 mL) andtreated 
surred ovemlghl and addUional portions of melhylam.ne (6.8 g 9 * ^.^J^ trmTtu fwas dZd w,th ether (500 

3 92 (t, J = 5.8 Hz. 2H). 2 57 (t. J = 6.8 Hz. 2H). 1 96 (m. 2H), 1 .05 (s. 9H). 0 26 (s. 6H). 



Pteoaratlon 21 

6-Methoxy.1-[W.[t4.(tert.butyldimethylsllyl)oxylph 
30 3,4*dihydronaphthalene 



OMe 




35 



40 J OMe 

MeO 



45 



SO 



ThP nroduct 01 Preoaralion 20 (10 2 g. 26 8 mmol) was dissolved .n methylene chloride (100 mL). cooled ^ 0'C_and 
The product ol Preparation^ 1 ^ , " , 37 5 mmol) tollowed by a solution of 2,5-dimethoxybenzoylchloride (6.72 g. 

MS (FD) m/e 545 (M+). Anal, calc'd for C32H39NO5S1 C, 70 43, H. 7.^u. in, ^.o^ ru 
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Preparation 22 

2.8.Dimethoxy-5-[4.[(»ert.butyldimethyteHyl)oxylphenyl]-11^ 



10 



IS 



20 



25 



30 




OMe 



MeO 



m/e 51 3 (M^): Anal calc-d lor C3,H3sN04Sr C. 72 48. H. ^ 
Preparation 23 

2.8-Dimethoxy-S-(4.hydroxyphenyl)-11.12.d.hydro-6/fbenzotc1phenanthrlcl*one 



35 



40 



45 



SO 




OMe 



MeO' 



m/e 399 (M+)- 
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Example 12 



10 



IS 



20 



25 



2.8-0lmethoxy.5.t4.[2.(1-plperidinyl)ethoxylphenyl]11.12-dihydr^^^^ 




OMe 



MeO' 



TO a scuuon o, t.e product o, Prepara..on 23 (340 mg 0 «5^mmo )^«^^^^^^^^^ 

(2-hydroxye(hyl)p.perKJ,ne (275 mg. 282 mL, 2 i '^^'^^^'^J'^J^^.^^^^^ invacuo. 
(296rng,268mL,i7mmoOaad.hem.xturewas^^^ 

Example 13 



2,8-Dimethoxy-S-[4.[2-(1-piperidinyl)ethoxy]phenyl]-6H.b«,ZOlo]ph«nanthridln. 



30 



35 




OMe 



MeO 



40 



45 



SO 



55 



sulfate) and concentrated. The rescue was puritied via chromatography (silica gel. i nexa y 
methanol) to give 330 mg (44%) o1 a yellow solid .... ,„ r25 mU and treated with lithium aluminum 

The solid Obtained above (309 mg. 0.61 mmol) «f ,f "^^^f ^"^^^^^^^^ with ethylacetate 

hydride(LAH)(tl5mg.3,05mmol)atambienttempera^ure 

(SO mL) and the mixture was washed with saturated ammonium chloride 25 mL). i ne aqu y 
Ithy. aietate (25 mL) and the combined organic '^---^-^^^^^^^^ feta.e^tmitCol. under an am- 
centrated, and subjected to radial chromatography (silica ge , 1 ll^^XlTl) !^^^ with sodium borohydnde 
a,oniaa.mosphere) The product was then dissolved jngbcia^^^^^ 

(69 mg, 1 ,82 mmol) At.er 1 h, the mature (soc.um suLe). concentrated. 

ris:rrusr=^ 

2H), 2.39 (m. 4H), 1 4-1.5 (m 4H). 1.3-1 4 (m. 2H) 
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Example 14 

2.8-Dihydroxy.H4.(2m-piperldinyl)ethoxy]pher,yll-6H-benzo[c]phenanthridine 



10 



IS 



20 



25 




,200 mg. 220 mL. 3 2 mmo.) and ^^Z^^T!S^l^6i^^^^^^ ^^^^--^^ (26 -L) The layers were 
,he mixture was quenched careluUy ^"'ij"^ f a^^^^ corr,b,ned organic layers were dned (sod,um 
separated, the aqueous layer was extracted ^""^/"f: f f^"^^ " oe,. in hexane ethyl acetate, 

sulfate) and concentrated The .es.due was punf.ed by radel ''^'^^'^''^ he Mie compound as a tan foam An 
10-20% methano.. under an ammon,a ^'^f -fj^ P;2!;:ed so"' ^ 1r S)S MHzT.-e.hylfom,amKie-<^) d 
analytKal sample was crystallized from memanol as a hght ed solid. H NMR (30 . y ^ ^ ^ ^ 
9 92 (br s, 1H), 9 74 (b, S^IH). ^ (d. J = 8 6 1H), 778 d J B 5 H^JH), 7^69 ( , ^ ^ ^ 

8 7 HZ, 1 H). 7.23 (d. J = 2.0 Hz, 1H), 6.9E (dd J - 9.0 2.1 Hz "^^^ ^ • ^^g^j gggo, 3490 crrri; 

(,, J = 5 9 HZ. 2H), 2 57 (., J = 5 9 Hz, 2H)^2.^ '^'^^''''lly^oTlSli H 6 5^ N.'s.BQ Found C. 75.82; H. 6.76; 
MS (FD 0 m/e 466 (M+), Anal, calc'd lor C30H30N2O3 O.5H2O. C. 75 /a, n. o oo 

N, 5.95. 
Example 15 

2,8<llhydroxy-5.[4.[^(1-plperidlnyl).e^^ 

This compound .s prepared m accordance with the foregoing teaching and examples. 



3S 



40 



45 



50 



ss 



HO 

ln.heexamples..lus.ratingthemethods.apost-mencpausalmodelwasusedlnw^ 

upon circulating lipids were determined. ^.M^^noni 900 to 225a1 were obtained from Charles Rwer 

Seventy-ftve day old female Sprague Dawley rats (wetgh range to 22g)were ob^ 
Laboratone; (Portage. Ml). The animals were housed in m'eta. 

procedure at Charles River Laboratories, and '^^J^^^^^^'^'^^^^^^ content approximate^ 0 5%) 

hanging cages in groups of 3 or 4 per cage and had ^'^'f J J^J^f ^ ,^,3,i^e humidity of 40%. 

and water for one week. Room temperature was maintained at 22.2 ± 1 .7 C with mm 
The photoperiod in the room was 12 hours light and 12 hours dark 

Dosing Regimen Tissue C ollection. 

/.h=r»fr,ro t»n weeks DostOVX) daily dosing with test compound was initiated. 
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ccected by card.ac puncture The an^a.s were then sacr.,«ed by asphyx.a.,on w..h CO, .he uterus was rer^oved 
through a midline incision, and a wet uterine weight was determined 

rhniflaiflrol Analysis 

performance cholesterol assay Briefly the '^I'-'-f produce a 
I nonnA Fftfiino phil Per ^v'Hase (EPO) Assay 

20 

Source of Compound 

17ot-ethynyl estradiol was obtained from Sigma Chemical Co , St Louis. MO 
^ . p........ , and .1 ^^^ r-— °' ^noni../Non.Aqonis» ACvity 

Oata presenled ,n Table . below show compara.ive ^-^J-rHrS^^^^ 
ethynyl estradiol (EE^. an orally available form of ^'"'^^^l^^fj^l'^^^^^ at 0 1 mg/kg/day, .t also 

To! Ictrzed ,1 animals This uterine response to estrogen ^^^ni^^^^^^^ 

Notonly dd the compounds of the present inventK:.n general^ ;l"',V;r^^^^^ maiority of the 

reduction without adversely affecting uterine weight is f^f^^J^^jf ^ ,he adverse response of eosi- 
.0 '"Tetta^eTeSlntheTableslbelowreflectsth^ 



30 



35 



45 



Cnmnnnnd 
££2 



Dose 
mg/ka 

0.1 



Table 1 



uterine Weight 



86.3 



Uterine EPO 
116.4 



Seruin Cholesterol 
81.4 



50 



Example 1 o.i 



25.3 



7.8 



72.8 
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Example 3 



Example 4 



Example 6 



Example 7 



Example 8 



1.0 
10.0 

0.1 
1.0 

0.1 
1.0 



^5 Example 5 o.l 

1.0 



0.1 
1.0 
10.0 

0.1 
1.0 
10.0 

0.01 

0.1 

1.0 



Example 9 o.l 



Example 11 o.l 

1.0 
10.0 

Example 14 o.oi 
0.1 
1.0 



9.2 
5.9 

32.5 
7.4 

10 

15.3 

-5.1 
18.6 

23 

6.4 
50.0 

28.9 
31.2 
14.7 

10.2 
27.4 
27.2 

77.8 
109.1 
94.6 

-8.8 

3 

-12.6 

-0.6 
60.0 
49.1 



3.0 
2.1 

4.2 
3.0 

3.3 
3.3 

4.5 
4.8 

4.2 

1.8 
3.6 

4.8 
6.6 
3,6 

2.1 
4.8 
4.8 

52.2 
83.1 
75,0 

2.7 
4.2 
4.2 

2.7 
5.4 
36.0 



51.0 
54.6 

51.5 
50.8 

62.6 
48.2 

-9 

61.3 

-2.5 
9.9 
-11.4 

39.8 
65.5 
54.0 

50.5 
38.5 
68.0 

40..1 
54.7 
65.2 

17.4 
30.9 
36.3 

24.8 
59.5 
60.7 



in addUion to the demonstrated benefits of the compounds of the present invention, especially when oorr^9^e6^ 



more, no 



deleterious toxicological effects (survival) were observed with any treatment. 
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Osteoporosis Test Procedure 

"""TZ^Zrl the above procedures, compounds of the preser^t ir.vent.on and ethyny. estradiC i^E,).20^ 

2 and 3 below arMhe results of formula 1 compound treatments compared to .ntact and ovanectom,zed test an.mals. 
Results are reported as percent protection relative to ovanectomy 

Table 2 



30 



35 



40 



45 



SO 







Dose /kg 


Distal Femur l^etaphysis (X-ray Image Analysis-Gray Score 


20 


EE2 


0.1 mg 


62 4* 




Example 1 


0.01 mg 


142 




0 1 mg 


49 8* 


2S 




1 Omg 


51,7* 






lOOmg 


48.2* 



•p <= 0 5 iwo tailed Students T Test on raw dala 

In summary ovariectomy of the test animals caused a signifK:ant reduction .n femur density compared to intact, 
veh.l treard'^ontro.s. Orally administered e.hynyl estradiol (EE,) prever,ted th« loss but the nsk o1 uter.ne stimu- 

ingly thc^om^ounds of the present inventbn are useful lor the treatment of post-menopausal syndrome, particularly 
osteoporosis 

MCF-7 Prolifefation Assay 

wrF 7 breast adenocarcinoma cetts (ATCC HTB 22) were maintained in MEM (minimal essential medium, phenol 
red^ee Sigma sf to^^^^^^^ wth 10% fetal bovine serum (FBS) (V/V). L-glutam,ne (2 ^M) soc,,, 

ntt^^efirM;HEPES(N42-^ 
d bol 2in Sl) ImaLna'nce meSium) Ten days pro. to assay ^^''-l^;^^:^^^^^^. 

St?r f oShortral^^^ for cell adherence and equ,librat«n after transfer Serai dilutions of drugs or DMSO as 
prepared ^ assay medium artd 50 mL transferred toJ^iP^^f^-^^^^^^^ 

IC50 tor certain compounds of the present invention 
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Table 3 
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30 



Compound (Example Reference) 


IC50 nM 


1 


0.2 


2 


100 


3 


30 


4 


50 


5 


1000 


6 


500 


11 


0.7 


14 


1 



DMBA-lnduced Mamma rY Tumor Inhibition 

7,12-dimethylbenz a anthracene (DMBA). About 6 weeKs aner the longest and shortest 

patedat week^mten^alslor the appearance onumorsV^eneverone o^ 

S.aa,eters ot each tumor are measured with ^ -fj^ ^ '^'^^rLf; ^^^^^^^^^^ .n the treated and 

ro;:;orr;rL^^^^^^ 

administered compounds are erther di^ved or "f^^ FllloXtheTr^^a tumor measurement 
com oil control treatments, is administered ^f! '^^^^^^^^ method The treatment and 

rirerri^^^^^^^ 

^pound and control treatment, the change .n the mean tumor area .s detemitned 
Uterine Fibrosis Test Procedures 



35 



40 



Test 1 

istration. for ellects on utenne fibrosis. 



Test 2 



The same 



procedure is used as in Test 1 . except the period o1 administration is 6 months 



45 



Test 3 



The same procedure is used as in Test 1 . except the period ot administration is 1 year. 



Test 4 



so 
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A. Induction of fibroid tumors in guinea pig. 
harvested and analyzed for tumor regression. 
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B implantation of human uterine fibroid tissue in nude mice 

of the organ 
TO Tests 

„ss« to P-Muc. a single -^"f^'^:^^ '^^^^ lo. .he., ab,.„ to p,«,co 

treatment of uterine fibrosis 
Endometriosis Test Procedure 

,n Tests 1 and 2. effects o, 1 4-day and 21 -day adm.nisfra..on of confounds of the present .nventK>n on the growth 
of explanted endometrial tissue can be examined. 

Test 1 



30 



35 



numbers The estrous cycle of all annals .s monrtored. On 'J^^fV °* '^^f^^', '^^^^ squares are loosely 

Females .r, each group have the left utenne horn -3;^;;f„^2SSrfeS^^^ removed 
smuredatvanoussitesadjacenttothe mesentenc blood flow inad^^^^^^^ P 

tological examination The ovaries and adrenals are weighed. 



40 Test 2 



totht^y ».ut, CD «n tontale tats „. us., as tost '^J^:;^:;:^:^''^^ 

for 21 days whereas animals in Group 2 receive intraperitoneal '"l^"^^ "^^j °Lm^ female is sacfrficed 
SO growth Estrous cycles are monitored 



Test 3 

A. Surgical induction of endometriosis 
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TO 



15 



20 



2S 



30 



igreS A.?he time d Lcrif.ce. Ihe .ntac. horn of .he uterus « harvested to assess status of endomelnum 
B. Implantation of human endometrial tissue in nude mice. 

Tissue from human endometrial lesions ,s implanted into the peritoneum of sexually ff^^^*^^^^^ 

rSsin AUhe time of sacrifice, the uteri are haives.ed to assess the status ol the intact endometrium. 
Test 4 

of endometriosis. 

.^KiKHi>^n ri Anrtfll Smooth C -aII Prolifaration/R'=>slenosis Test Procedure 

r«mnnunds of the present invention have capacity to inhibit aortal smooth cell proliferation. The can be demon- 
stra.X'tsSclJuTs^Lth cel.sder.ed from rabbi, aorta, pro,,. era. ion ^;'7 ^ J J^^^^^^^^^^^^ 
of DNA syn.hesis Cells are obtained by explant method as described in Ross ^L2iC£a|2.£ 0^^^ 

rhymdlSlncoUtlonK.^ 

^ l^htoiS oI?o!lal smooth muscle cell proliferation by the compounds of the present invention are further denrK«- 
"'11rS?ienl««.n,l(.oalsop,o.ldesam.»»ao.all.«.aliogposl.menopaus^^ 



SO 



ss 
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«uo«en-t,..dco»«o.od»Pr.».™.andno,..Mn».»la«~».m.n«™. 

compound admin.s.ered according to m,s ^-;f-J^^^;°^^^^J^ ""^fZZi adlisUafon. .he stateof being 
surroundingthe case .ncluding, lor example, f .'=°7^°"^^"^^^S^^^^^^ dosage level ol 

pharmaceulically acceptable carrier, diluent, or excipienl formulation By 

known and road.ly available ingredients. For example, the compounds o formula ^ JJ^J^ 

rrirr cr;:,r f " """" 

— ''-""^ ^'''^^ 

are not intended lo limil the scope ol the present invention. 



45 



SO 



SS 



whichfollow. -active ingredient" meansacompoundollormu1alorll.orasaUor solvate t 



Formulations 

In the formulations 
Formuiation 1 . Gelatin Capsules 

Hard gelatin capsules are prepared using the tollowing: 



Ingredient 


Quantity (mg/capsule) 


Active ingredient 
Starch, NF 

Starch flowable powder 
Silicone fluid 350 centistokes 


0.1 - 1000 
0-650 
0-650 
0-15 
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The lor.uiat.on above may be changed .n comp..ance w^h the reasonable variations provided. 
A tablet formulation .s prepared using the ingredients below 



Fftfmutatton 2 Tablets 
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Ingredient 


Quantity (mg/tablet) 


Active ingredient 
Cellulose, microcrysialline 
Silicon dioxide, fumed 
Stearate acid 


2.5 - 1000 
200 - 650 
. 10-650 
5-15 



Pnrmulatton 3 Tablets 



Ingredient 


Quantity (mg/tablet) 


Active ingredient 
Starch 

Cellulose, microcrysialline 
Polyvinylpyrrolidone (as 10% solution m water) 
Sodium carboxymethyl cellulose 
Magnesium stearate 
Talc 


25- 1000 
45 
35 
4 

4.5 
0.5 
1 



30 



35 



40 



The active ingredient, starch, and cellulose are passea inrougn <» - ^ ^y^ ^ mesh 

The sSru,K>no.poV.ny.pyrro.Woneismixed With th^^ 

U S sieve. The granules so produced are dned at 50 -60 ^ and fussed m^^^^^^^ ^ ^ ^ 

sodium carboxymethyl starch, magnesium ^'^^^'^^ ^"l^^^J a te^^^^^^ 'ablets. 



Formulation 4: Suspensions 



45 



so 



ss 



Ingredient 


Quantity (mg/5 ml) 


Active ingredient 

Sodium carboxymethyl cellulose 

Syrup 

Benzoic acid solution 

Flavor 

Color 

Purified water to 


0,1 -lOOOmg 

50 mg 
1.25 mg 
0.10 mL 

q.v. 

q.v. 
5mL 



u M« AC r^och 1 1 q Sieve and mixed with the soaium caruo*yin«u.y. 

3ndr"s^--^^^^ 

Si ih stirring. Sutficient water is then added to produce the required volume. 
ai<il sLon is prepared containing the following ingredients. 
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Formulation 5. Aerosol 



10 



Ingredient 


Quantity (% by weight) 


Active ingredient 
Ethanol 

Propellant 22 (Chlorodifluoromethane) 


0 25 
25 75 
70 00 



0 rsrrsrrrrcr^L-r r= 

Supposrtones are prepared as follows 



IS Formulation 6 Suppositories 
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Ingredient 


Quantity (mg/suppository) 


Active ingredient 

Saturated fatty acid glycerides 


250 
2.000 



^ Ki cA r««ch 1 1 Q Qifive and suspended in the saturated fatty acid 
The active ^gredient is passed through a ^^-^l^"^^^^^^^^^ 
glycendes previously melted using the minimal necessary heat. The mixture P 
nominal 2 g capacity and allowed to cool 
An intravenous formulalion is prepared as follows 

Formulation 7 Intravenous Solution 



ingredient 


Quantity 


Active ingredient 
Isotonic saline 


50 mg 
1,000 mL 



The solution of the above ingredients is intravenous! 
Formulation 8 Combination Capsule I 



.ly administered to a patient at a rate of about 1 mL per minute 




Tnqredient 

Active ingredient 



Premarin 
Avicel pH 101 
Starch 1500 
Silicon Oil 
Tween 80 
r=,H-n-sil 



1 
50 
117,50 
2 

0.50 

0.25 
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■Formulation 9 Combination Capsule II 



70 



Ingredient 


Quantity (mg/capsule) 


Active ingredient 


50 


Norethylnodrel 


5 


Avicel pH 101 


82 50 


Starch 1500 


90 


Silicon Oil 


2 


Tween 80 


0 50 



Formulation 10 Combination Tablet 



IS 



20 



25 



30 



Ingredient 


Quantity (mg/capsule) 


Active ingredient 


SO 


Premarin 


1 


Com Starch NF 


50 


Povidone, K29-32 


6 


Avice! pH 101 


41 50 


Avicel pH 102 


136 50 


Crospovidone XLIO 


2.50 


Magnesium Stearate 


0.50 


Cab-O-Sil 


0.50 



the present invention, and can be so employed. 
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Claims 



1. A compound ol formula I or 11* 



40 



45 



so 




0-(CH2)ri-W 
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0-(CH2)ir-W R* 



wherein 



X IS -0-. -S-, or -NR5-. 
25 Y ts O-, -S-, -CH2 - , -CH2CH2-, -CH=CH-. or -NR5-: 

Ri^^and pa^'a'Je each independently -H. -OH, <5(C,.C, allcyl). -OCOCeH, -OCO(C,.Ce alkyl). -OSO^tC,. 
Ce alkyl). -OSO2CF3, CI. or F, 
nisi or 2. 

^.'^'^vprjendtyl, 2-oxo-1-p.pend,nyl, 1-pyrrol.d.ny., me,hyM-pyrro.,d,nyl, d«T,ethyl-1-pyrrolidinyl. 2.>xo- 
• l-pyr.ohdinyl,4-morpholmdimethylamino.dietfiylam,noor1-hexam^^^^^^^ 

R5 ,s C,-C3 alkyl. -COC^Hs. -CO(C,-Cs alkyl). -ClOjOCsHs- -C(0)0(C,-Ce alkyl). -S02(C,-Ce alkyl), 
-SOaCsHs, or -SO2CF3; or a pharmaceutically acceptable salt thereof. 

2. A compound according to Claim 1 which is ot Formula I and whereir. X is -O- and Y is -S-. 

3. A compound according to Claim 1 which is of Formula II and wherein Y is -CH=CH-. 

40 4. A compound according to any of claims 1 to 3 wherein .0-(CH2).-W-R4 is 2-(1 -piperid^yl) ethoxy 
S. A compound according to Claim 1 which is selected from the group consisting of; 

3.9^ihydroxy-6-[4-l2-(1-piperidinyl)ethoxylphenylj-6-H411benzothienol3,2.c|lllbenzopyran, 

3,9^,methoxy-6-l4-(2-(l -pipendinyl)ethoxylphenyl]-6-H.lllbenzothieno[3.2-<q (Hbenzopyran; 
3.9-bB(benzoyloxy)-6-[4-[2-(1-plperd.nyl)ethoxy]phenyll-6-H-[1]benzolhieno(3.2-cl [Hbenzopyran; 
3.9-bis(pivaloyloxy)-6.l442.(1-piperidlnyl)ethoxy]phenyl]-6-H.(1lbenzothienot3.2-c][1lbenzopyran. 

3.9*b(1-butylsullonyloxy)-6W2-(1-pipendinyl)ethoxylphenyl]-6-H-[1lben^^ 

3.9*is(trifluoromethanesuHonyk3xy)-6-l4-[2-(1-piperidinyO^^^^^^ l^'"^"^- 
SS opyran; 

6-l4.[2-(1i>iperidinyl)ethoxy]phenyll-6.H.l1lbenzothienol3.2-c^[1lben2opyran; 
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3.9<!ihydroxy^-l4-[2-(1-pyrroldinyl)elhoxy]phenyll-6-H.l1lbenzothieno[a 
3.9-dihydroxy-6-l4.(2Hdimelhy!aminoetho)cy)phenylh6-H-[1]benzothieno[3,2-c|[1^ 
3.9^ihydroxy-6-[442-(2-oxo-1-pyrrolidinyl)elhoxy]phenyll-6.H^1lben2om 
3.9<Jihydroxy-6-I442-(1-piperidinyl)ethoxylphenyl]-6-H-benzofuro(3.2-c||11benzopyran^ 
2,8KJimethoxy-5-I4-[2-(1-pipendinyl)ethoxylphenyl]-11,12-dlhydfo-6H-b8nzoIclphenam 
2.8-dimelhoxy-5-(4-l2-(1-pipendinyl)ethoxy]phenyl]-6H-benzoIc]phenanthridine. 
2.8^ihydroxy-5-[442-(1-pfperidinyl)ethoxylphenyll-6H-benzo[c]phenanthridine, and 
2. 8-dihydroxy.5-[4-[2-(l-pipendinyl)-ethoxy)phenyl]-5H-benzo[/?]napmhoI2,l-cOpyran 
6. A process for preparing a compound olthe fornr^ula 

R2 



40 




0-(CH2)n-W 



wherein 

X is -0-, -S-. or -NR5- 



Y is -O- -S- -CHo- -CHoCH^-. -CH=CH-, or -NR^-; 

Ri, R2, and R3arl each independently -H. -OH. 0(0,-04 alkyl). OOOCsHs. -OCO(C,-06 alkyl). -0802(04- 
Ce alkyl). -OSO2CF3. CI. or F; 
45 n IS 1 or 2, 

S^'is^VWen^^^ 2-0x0.1 -piperidinyl. i-pyrrol.dinyl, methyl-i-pyrrolidinyl. dimethyM -pyrrolidinyl. 2-oxo. 
1-Dvrrolidtnyl, 4-morpholino. dimelhylamlno, dielhylamino or 1-hexamelhyleneimino. ^ 
i5Tc'c3 alKyl. COCeHs. -CCXCyC, alkyl), -C(0)OCsHs, -C(0)0(C,-Ce alkyl). -SO^CC^-Ce alkyl). 
$0 . -SOgCeHs, or -SO2CF3; or a pharmaceutically acceptable salt thereof, which comprises 

(i) reacting a compound of the formula 
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wherein 

Ria, R2a and R^a are each independently H. -0(Ci-C4 alkyl). -CI, -F. or a protected -OH, 
20 X and Y are as defined above. 

and Za ts -OH. -OCgHs. or -0(0,-04 alkyl). with a Gngnard reagent of the formula 




(2) in the instance when Qa is -OSi(CH3)3 or a protected OH as defined, (a) treating the product of step 
ss (1 ) to selectively deprotect to a compound of the forniula 
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and ihereader (b) alkylal.ng this compound to a compound of Ihe lormuia 



25 



30 



35 




0-(CH2)n-W-R^ 



40 



(3) deprotecting any protected OH groups in Ri- R^*. or R3a in the compound from step 1 or step 2. to 
obtain the compound of the formula: 



45 



so 
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0(CH2)n-W-R* 



20 



2$ 



30 



35 



40 



and 



(4) optionally salifymg Ihe product of the preceding step 
7. A process for preparing a compound of the formula 




0-(CH2)n-W 



45 



II 



Wherein 



50 



55 



B is -CHg-, or -CO. 

Cg alkyi), -OSO2CF3, CI, or F, 
n is 1 or 2; 

SI.'is''vp"e"S;i, 2-oKO-l-pipendinyl, 1-pyrrol.d,nyl. methyl- 1-pyrrol,d,nyl. dimethyl- 1-pyrrol,dinyl, 2-0.0. 
1-pyrrolidinyl.4-morphol.no.d.methylamiho. dlethylam.no. or 1-hexam^^^^^^ 

RS^ .s C,-C3 alkyl, COCeHs, -CO(C,-Ce alkyI). -C(0)OC6H5, -C(0)0(C,-Ce alkyI), -SO^iC^-Ce alkyl), 
-SOaCeHg. or -SOaCFg. 
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or a pharmaceutically acceptable salt thereof which comprises 
(1 ) alkylating a compound of the formula 
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wherein 

Y is defined above, and ^ . . ^ r^u. 

each of Ri« R2« and is independently -H. .0(Ci-C4 alkyi). -CI. -F. or a protected -OH. 

(2) optionally reducing the carbonyl. w r^u rw - 

(3) optionally dehydrogenating the product of either preceding step wherein Y is -CH^-CHa-, 

(4) deprotecting any protected OH groups in Ria R2a and R3a ,n the product of any of steps (1). (2), 
(3); and 

(5) optionally salifying Ihe product of the preceding step 
8. A compound of the formula 



or 




so 



ss 



wherein 

X IS -0-, -S-, or -NR5-; 

Y IS -0-. -S-. -CH2-. -CH2CH2-. ■CH=CH- or -NR5-; . , ^ r^u- .^h 

each of Ria R2« and R3a is independently -H. -0(C,-C4 alkyI). -CI. -F. ora protected -OH. and 
Z is -OH, -OCgHs. -0(CV-C4 alkyi), or 4.hydroxy phenyl. 

9. A compound of the formula 
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TO 



15 




20 



2S 



wherein 



::f, 2 S,. Z R- I .nd/pendently -H. Oio\-0, alkyl). -CI. -F. or a protected OH group 

acceptable earner, diluent, or excipient 
«, 11. A compound of formub I as cteimed -n Claim 1 for use ir, .nh,b.ting bone loss or bone resorption 
12. A compound of formula I as claimed .n Claim 1 for use in lowering serum choleslerol levels. 
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(54) Pentacyclic compounds, Intermediates, processes, compositions, and methods 
(57) The present invention relates to compounds of formula I and II; 
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wherein 

X IS -0-. -S-. or -NRS-; 

Y IS -0-. -S-. -CH2-. -CH2CH2-. -CH=CH-, or -NR5-, 

B IS -CH^- or -CO-; ^ 
Ri, R2. and R3 are each independently -H. -OH, -0(0^04 alkyl), -OCOCgHs. .OCO(C,.C6 alkyi), -OS02(C4-C6 

alkyi). -OSO2CF3. CI, or F. 
n IS 1 or 2, 

W is CH2 or C=0. . . . « 

R4 IS 1-piperidinyl. 2-oxo-1 -pipendinyl. Vpyrrolidinyl. methyl- 1-pyrrolidiny I. dimethyl-1-pyrroIidinyl. 2-oxo-l -pyrro- 

lidinyl 4-morphohno. dimethylamino, diethylamino. or 1 -hexamethyleneimino. 

R5 IS Ci-Ca alkyl, -COCgHs; -CO(C,-C6 alkyl). -CPPCsHb. -C(0)0(CrC6 alkyl), -SOaCCrCg alkyl). -SOsCeHs. 
or •SO2CF3; 

or a pharmaceutically acceptable salt thereof. 

Also provided by the present invention are intermediate compounds, processes for the preparation of compounds 
of Formulae I and II; and pharmaceutical methods and formulations employing the compounds of Fomnulae I and 11. 
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